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Abstract 

The OSCAR (Offshore Servicing Coordination & Assessment with Remote Sensing) project addresses the operational 

inefficiencies in offshore wind farm management, focusing on the high costs and logistical challenges associated with 

vessel deployment and turbine maintenance. Led by AAC Clyde Space and supported by key partners from both the 

space and renewable energy sectors, OSCAR integrates satellite-based Automatic Identification System (AIS) data, 

Synthetic Aperture Radar (SAR) imagery, and meteorological models to enhance decision-making and optimize 

operations. The system provides real-time insights for tracking vessels, predicting sea states, and monitoring turbine 

yaw misalignment, ultimately reducing fuel consumption, improving turbine performance, and minimizing downtime. 

By leveraging space-based technologies, OSCAR contributes to the sustainability of offshore wind farms by lowering 

operational costs and reducing carbon emissions. The project also exemplifies the value of interdisciplinary 

collaboration between space and non-space stakeholders, providing a model for future applications of satellite data in 

renewable energy operations. As the global demand for clean energy continues to grow, OSCAR plays a crucial role 

in advancing the efficiency and sustainability of offshore wind power, while its flexible architecture offers potential 

for broader applications in other industries. In conclusion, OSCAR demonstrates the potential of space technology to 

drive innovation and efficiency in the renewable energy sector, helping accelerate the transition to a low-carbon future. 
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1. Introduction

Offshore wind energy has become a crucial 

component of global strategies aimed at reducing carbon 

emissions and meeting renewable energy targets [1]. 

Offshore wind farms, located further from shore where 

wind conditions are optimal, are poised to significantly 

contribute to the increasing global demand for clean 

energy. As the sector expands, the logistical challenges 

associated with the construction, operation, and 

maintenance (O&M) of offshore wind farms have 

become more apparent. These challenges primarily 

involve the efficient management of service vessels, 

which are responsible for installing and maintaining 

turbines. Due to the remote locations of many wind farms 

and the harsh conditions at sea, coordinating the 

movements of these vessels is both costly and complex 

[2]. O&M activities account for 40–50% of the total 

lifecycle costs of wind turbines, and inefficient vessel 

management exacerbates these expenses. For example, 

daily rates for service operation vessels (SOVs) and 

construction vessels range from £30,000 to £250,000, 

making any idle or inefficient use of these resources 

extremely costly [3]. 

To overcome these logistical challenges, the 

integration of satellite and terrestrial data provides a 

transformative solution. By leveraging data streams such 

as Automatic Identification System (AIS) data for vessel 

tracking, Synthetic Aperture Radar (SAR) imagery for 

environmental monitoring, and meteorological data from 

various sources, operators can significantly enhance their 

decision-making processes. These data sources allow for 

near real-time monitoring of vessel movements, sea 

states, and weather conditions, leading to more informed 

planning of O&M activities and the reduction of 

unnecessary vessel idle time [3]. SAR data, for instance, 

can identify “dark vessels,” or those not broadcasting 

AIS signals, which allows for the strategic deployment of 

guard vessels. Similarly, the integration of weather data 

helps operators accurately forecast weather windows, 

further optimizing maintenance schedules. The OSCAR 

(Offshore Servicing Coordination & Assessment with 

Remote Sensing) project exemplifies the integration of 

space-based and terrestrial data sources to enhance the 

safety and efficiency of offshore wind operations. 

Through OSCAR’s use of satellite systems and decision-

making tools, the project aims to reduce operational costs 

and set a new standard for the management of offshore 

wind farms [1]. 

2. The OSCAR Project

The Offshore Servicing Coordination & Assessment 

with Remote Sensing (OSCAR) project is designed to 

enhance vessel management efficiency during offshore 

wind farm operations. OSCAR addresses a critical
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Fig. 1. OSCAR System & Service Architecture. 

challenge in the offshore wind energy sector: the 

complex logistics and high costs associated with the 

construction and maintenance of wind turbines. The 

project aims to streamline vessel operations during both 

installation and ongoing maintenance phases by 

integrating satellite and terrestrial data sources, such as 

Automatic Identification System (AIS) data, Synthetic 

Aperture Radar (SAR) imagery, and meteorological data. 

These data sources provide comprehensive situational 

awareness of wind farm environments, enabling more 

informed decision-making about vessel deployment. By 

optimizing routes and reducing idle times, OSCAR aims 

to improve operational efficiency and safety for offshore 

wind farm operators. AAC Clyde Space leads the project, 

providing expertise in satellite data integration. Other 

consortium partners include the Offshore Renewable 

Energy (ORE) Catapult, which brings deep knowledge of 

the renewable energy sector, TRIOS Renewables, and the 

University of Strathclyde’s Institute for Sensors, Signals, 

and Communications, which contributes specialized 

research and technical expertise. This collaborative 

structure ensures that OSCAR is developed with cutting-

edge satellite technology, while also being tailored to the 

specific needs of the offshore wind sector. 

Additionally, key suppliers such as ESRI (providing 

geographic information system (GIS) software), 

Copernicus (offering satellite data), other commercial 

providers of high-resolution SAR imagery, and 

Windy.com (contributing meteorological data) are 

essential for the functioning of the OSCAR system. 

These partnerships ensure that the project has access to 

the necessary tools and data sources to optimize offshore 

wind farm operations. 

The primary objective of OSCAR is to reduce 

operational and maintenance (O&M) costs by optimizing 

the use of service and guard vessels. Vessel management 

inefficiencies often lead to high costs due to idle time, 

which OSCAR seeks to mitigate by providing near real-

time data on vessel locations, weather conditions, and 

turbine status. This enables more precise and effective 

planning, reducing the overall time vessels spend at sea. 

The integration of satellite and terrestrial data also allows 

for the detection of "dark vessels" (those not broadcasting 

AIS signals), which improves maritime safety and site 

security. 

As shown in Fig. 1, OSCAR provides value 

propositions for several user groups, including wind farm 

operators (effective vessel management, site safety, 

reduced turbine downtime), service vessel operators 

(more accurate planning, improved vessel utilization, 

increased business revenue), and market analysts (new 

insights into service vessel demand). These benefits are 

realized through key activities such as satellite data 

ingestion, algorithmic processing, automated service 

updates, and customer support. 

The project is structured around the use of specific 

key resources, including consortium competencies, team 

labour, satellite data, test facilities, COTS (Commercial 

Off-The-Shelf) software, and the TRIOS model for return 

on investment (RoI) analysis. The cost structure is driven 

by satellite data costs, cloud computing capacity, and 

COTS software licenses, which are offset by the revenue 

streams generated from user subscription pricing, 

typically on a per-wind-farm basis. 

3. System and Service Architecture

The OSCAR system is built upon a robust and 

scalable cloud-based architecture designed to collect, 

process, and deliver data in near real-time, supporting the 

efficient operation and maintenance of offshore wind 
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farms. The architecture integrates multiple sources of 

data—both terrestrial and space-based—to enhance 

situational awareness, optimize vessel deployment, and 

reduce operational costs. At the core of this architecture 

are key data sources such as Automatic Identification 

System (AIS) messages for vessel tracking, Synthetic 

Aperture Radar (SAR) imagery for maritime surveillance 

and environmental monitoring, and weather models from 

the European Centre for Medium-Range Weather 

Forecasts (ECMWF) for near real-time weather 

forecasting and sea state analysis. 

3.1 Data Gathering and Processing 

The architecture’s data ingestion layer is responsible 

for collecting data from various sources. AIS data, which 

provides near real-time tracking information of vessels in 

the vicinity of wind farms, is gathered both from 

terrestrial AIS networks and satellite-based AIS services 

provided by AAC Clyde Space. This data is critical for 

monitoring vessel locations and movements, ensuring 

safety, and optimizing vessel deployment schedules. 

In parallel, SAR imagery from the Sentinel-1 (C-band) 

and commercial providers of X-Band SAR imagery 

provide high-resolution, all-weather, day-and-night 

monitoring capabilities. This imagery is used not only for 

detecting vessels that do not broadcast AIS signals 

(commonly referred to as "dark vessels") but also for 

monitoring turbine yaw misalignment—a crucial factor 

in optimizing turbine performance and preventing 

mechanical stress. 

Meteorological data is sourced from ECMWF and 

other weather models, providing crucial information on 

sea states, wind speeds, and weather conditions, which 

are integrated into the system for both short-term 

planning and long-term operational forecasting. 

All this data is processed through the system's back-

end cloud infrastructure, where it is converted into 

actionable intelligence through a series of layers: the 

ingestion, processing, model, and curate layers. Each 

layer is integral to the system’s ability to handle the large 

volumes of incoming data, process it in near real-time, 

and deliver precise insights to operators and decision-

makers. 

3.2 Back-End Cloud Component 

The back-end architecture of OSCAR is hosted 

entirely in a cloud environment, enabling scalability, 

reliability, and near real-time data processing. The cloud 

component is designed with multiple layers, each 

performing a specific role in managing the data and 

delivering insights to end-users. The ingestion layer is 

responsible for collecting data from the seven primary 

data sources, including satellite-based AIS, terrestrial 

AIS networks, SAR imagery (Sentinel-1 and other 

commercial providers of high-resolution SAR imagery), 

ECMWF weather data, and local buoy data. These data 

streams are received through APIs and processed in near 

real-time. The ingestion layer converts raw data into 

formats suitable for analysis. Once the data has been 

ingested, it is passed through the processing layer, where 

algorithms are applied to generate actionable insights. 

Key processing tasks include detecting dark vessels from 

SAR imagery, calculating yaw misalignment from 

turbine images, and forecasting sea states using ECMWF 

models. Each dataset has its own processing pipeline, 

which is containerized to ensure flexibility and 

scalability. 

The model layer runs predictive models that provide 

operators with valuable insights. For example, the sea 

state condition algorithm estimates wave height, 

direction, and period, helping operators assess maritime 

conditions in near real-time. The yaw misalignment 

algorithm processes SAR imagery to detect turbine 

misalignment, allowing operators to optimize turbine 

orientation and enhance energy production. 

The curate layer ensures the integrity and quality of 

the data by storing the processed data and outputs of the 

models. It includes data retention policies to manage 

long-term storage, ensuring that operators can access 

historical data for trend analysis and operational planning. 

The curate layer also facilitates the export of key insights 

to external systems, providing read-only access for end 

users like TRIOS Renewables.  

3.3 Front-End Cloud Component 

The front-end component of the OSCAR system is 

built on ESRI ArcGIS, a powerful GIS platform used for 

decision-support tools and map-based visualizations. 

This component provides a user-friendly interface that 

allows operators to interact with the processed data and 

make informed decisions. The ESRI ArcGIS platform 

offers a range of functionalities: 

Using map-based visualizations, operators can 

visualize vessel traffic, wind turbine status, and 

environmental conditions in real time using interactive 

maps. For instance, AIS data is overlaid onto maps of 

wind farms, allowing operators to track the movements 

of service vessels and guard vessels at any given moment. 

The front-end system integrates decision-support 

tools, enabling operators to assess vessel routes, predict 

weather windows, and plan maintenance schedules 

efficiently. These tools are crucial for minimizing 

downtime and ensuring that maintenance operations are 

conducted during optimal weather conditions. The 

system includes mobile applications that allow field 

operators to access data remotely, enabling real-time 

decision-making even when operators are in the field. 

ArcGIS also supports collaboration between different 

stakeholders by providing secure access to data and maps, 

ensuring that all project partners and end-users have the 

insights they need to optimize operations. 

OSCAR: an integrated service for enhanced vessel management in offshore wind farms
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3.4 Use of Space and Terrestrial Assets 

The OSCAR system combines space-based and 

terrestrial assets to provide comprehensive situational 

awareness and optimize offshore wind farm management. 

The system leverages key space-based assets, including 

the Sentinel-1 SAR (C-band) for broad and frequent 

coverage, and high-resolution SAR imagery (X-band) 

from commercial providers, which are ideal for detecting 

small vessels and monitoring surface conditions. These 

SAR data sources provide day-and-night, all-weather 

monitoring capabilities that are critical for safe and 

efficient operations. Additionally, AAC Clyde Space’s 

satellite-based AIS service ensures global coverage for 

vessel tracking, which is crucial for monitoring maritime 

activity around offshore wind farms. In parallel, 

terrestrial AIS networks play a vital role in providing 

frequent, high-accuracy updates on vessel locations, 

particularly in coastal areas where satellite coverage may 

be limited. By integrating space-based and terrestrial data, 

OSCAR enables near real-time tracking of vessels, 

detection of turbine yaw misalignment, and updates on 

environmental conditions. This holistic approach ensures 

that OSCAR delivers a complete, end-to-end solution for 

managing offshore wind farm operations efficiently and 

safely. 

4. System and Service Development

The OSCAR project is currently in the system and 

service development phase, which involves the design, 

testing, and integration of the various system components. 

The development process is focused on refining the 

architecture, validating data integration pipelines, and 

optimizing the algorithms that will be used for vessel 

management, sea state forecasting, and turbine 

monitoring. The current phase is critical to ensuring that 

the system can handle large volumes of data in real time, 

provide accurate insights, and meet the needs of offshore 

wind farm operators. 

4.1 Data Integration and Processing 

Data integration is a foundational aspect of the 

OSCAR system, as it relies on multiple data streams—

both terrestrial and space-based—to deliver near real-

time operational insights. A wide range of data, such as 

Automatic Identification System (AIS) messages, 

Synthetic Aperture Radar (SAR) imagery, and weather 

forecasts from the European Centre for Medium-Range 

Weather Forecasts (ECMWF), is continuously gathered 

and processed. 

The OSCAR system integrates data from various 

sources to provide comprehensive situational awareness. 

Terrestrial and satellite-based AIS are used to track 

vessels in near real-time, while SAR imagery, provided 

by Sentinel-1 and other commercial providers, allows for 

vessel detection and environmental monitoring. ECMWF 

weather forecasts provide critical insights into sea states 

and wind conditions. The challenge here lies in ensuring 

these disparate data streams are harmonized, meaning 

they must be ingested, processed, and displayed in a 

unified format without delays. 

The system is designed to process data in near real-

time to meet the high operational demands of offshore 

wind farm management. This involves setting up 

multiple Docker containers—each dedicated to a specific 

data source—on cloud-based servers. This distributed 

processing architecture ensures that data flows through 

the system seamlessly and that operators can access near 

real-time insights without lag. The data must be prepared 

in formats that are immediately useful to decision-makers, 

requiring careful attention to processing efficiency and 

accuracy. 

A significant portion of the development phase is 

dedicated to reducing latency and ensuring the accuracy 

of processed data. Latency refers to the delay between 

data collection and its availability for operational use, 

which is critical for real-time decision-making. Accuracy 

is equally important; AIS data must accurately reflect 

vessel positions, SAR imagery must correctly identify 

objects, and weather data must align with actual 

conditions. The development team is continuously 

testing the system to identify and rectify any delays or 

inaccuracies that could hinder operational performance. 

4.2 Algorithm Refinement 

The power of OSCAR lies in its ability to transform 

raw data into actionable intelligence through 

sophisticated algorithms. These algorithms play an 

essential role in ensuring that wind farm operators have 

accurate, predictive insights to optimize vessel 

deployment, turbine management, and safety operations. 

4.2.1 Dark Vessel Detection 

SAR imagery is crucial for detecting “dark vessels,” 

which do not broadcast AIS signals. These vessels, which 

might include fishing boats or other unregistered traffic, 

pose a risk to wind farm infrastructure. The SAR-based 

algorithm is designed to scan satellite images and detect 

objects on the water that are not transmitting AIS signals. 

One of the challenges in this phase is refining the 

algorithm to differentiate between actual vessels and 

environmental features such as waves or floating debris, 

ensuring that the system reliably detects potential risks to 

wind farm operations. 

Fig. 2 illustrates the process of detecting dark vessels 

using ICEYE SAR imagery [4]. Panel (a) shows a wide 

area view of the coastline and offshore waters.

OSCAR: an integrated service for enhanced vessel management in offshore wind farms
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Fig. 2. Dark vessel detection using SAR imagery. Image © 2020 ICEYE Oy. a) Full ICEYE GRD from 6th 

December 2020 over the port of Barcelona, Spain [4]. b) Zoomed in area with six identified objects.  c) Zoom-

in on one identified object. d) Zoom-in on second identified object.  

Panel (b) zooms into the area of interest, highlighting 

several vessels, including dark vessels not broadcasting 

AIS. Panels (c) and (d) show high-resolution close-ups of 

two detected vessels. The SAR data is processed to 

distinguish these vessels from other surface objects, 

ensuring that operators receive timely alerts when 

unidentified vessels enter restricted wind farm areas. This 

capability significantly enhances the safety and security 

of offshore wind farms, ensuring continuous monitoring 

even when AIS signals are absent. 

4.2.2 Turbine Yaw Misalignment Detection 

Turbine yaw misalignment—when a turbine is not 

correctly aligned with wind direction—can result in 

significant operational inefficiencies and increased 

mechanical wear. OSCAR uses SAR imagery to detect 

the yaw angles of turbines and determine whether 

adjustments are needed. The development team is 

focused on improving the algorithm’s ability to estimate 

yaw misalignment accurately from SAR images, which 

will allow operators to proactively manage turbine 

orientations and reduce downtime, thereby optimizing 

energy output and minimizing maintenance costs. 

4.2.3 Sea State Retrieval 

Effective vessel management in offshore 

environments relies heavily on accurate predictions of 

sea conditions. OSCAR integrates weather data from 

ECMWF to generate near real-time sea state predictions, 

including wave height, direction, and period. These 

insights help operators plan vessel deployment during 

optimal weather windows, reducing the risk of accidents 

and improving operational efficiency. The team is 

refining the predictive models to ensure they are accurate 

and reliable under various sea conditions, including 

extreme weather scenarios. 

Fig. 3 shows an example of SAR data used to retrieve sea 

state and wind speed in the operational area, highlighting 

how these environmental conditions can impact vessel 

deployment decisions and operational planning. 

4.3 Interface Development 

The user interface (UI) is a critical part of the OSCAR 

system, as it allows wind farm operators to interact with 

the data and make decisions based on real-time insights. 

The front-end is being built using ESRI ArcGIS, a 

platform renowned for its powerful mapping and 

visualization tools. 

OSCAR: an integrated service for enhanced vessel management in offshore wind farms
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Fig. 3. Sentinel-1 SAR image from East-Anglia 1 on 26th August 2024 (left) showing offshore wind farm 

region and corresponding wind speed (at 10 m height) map (right), illustrating the use of SAR data for wind 

and environmental monitoring in the OSCAR system. 

One of the key features of OSCAR is its ability to 

visualize real-time vessel movements, turbine statuses, 

and environmental conditions on an interactive map. The 

ArcGIS platform allows operators to view these insights 

on a single dashboard, providing an overview of all 

operations at once. The development team is working to 

ensure that these visualizations are intuitive, user-

friendly, and capable of delivering insights quickly. 

Operators will be able to zoom in on specific regions, 

monitor individual vessels or turbines, and track changes 

in sea conditions as they happen. 

In addition to near real-time visualizations, OSCAR’s 

interface integrates advanced decision-support tools. 

These tools help operators plan optimal vessel routes, 

assess weather windows, and schedule maintenance 

activities. The system’s decision-support features are 

designed to minimize vessel idle time, reduce operational 

costs, and improve safety by offering predictive 

recommendations based on real-time data. The team is 

ensuring that these tools are both accurate and easy to use, 

requiring minimal input from operators while delivering 

maximum value. 

A significant aspect of the development phase 

involves enabling mobile access to the OSCAR platform. 

This feature ensures that operators and field personnel 

can access critical data and insights while in the field, 

even when they are on vessels or at remote locations. The 

mobile interface will provide the same functionality as 

the desktop version, allowing field personnel to track 

vessel movements, report incidents, and receive real-time 

updates. Mobile accessibility is crucial for ensuring 

continuous operational oversight, even when teams are 

not in the control room. 

4.4 Testing and Validation 

The testing and validation phase is designed to ensure 

that each component of the OSCAR system functions 

effectively in real-world conditions. This phase involves 

rigorous testing in both simulated and real-time 

environments to ensure that all features of the system 

meet operational requirements. 

Initially, the system is being tested in simulated 

environments that replicate the conditions of an 

operational offshore wind farm. These simulations allow 

the team to test various scenarios, such as high traffic 

vessel movements, extreme weather conditions, and 

turbine yaw misalignment. The system’s performance is 

evaluated based on its ability to process data quickly and 

accurately, as well as its usability for operators in real-

world conditions. 

Data accuracy is a critical element of the OSCAR system. 

The team is conducting tests to ensure that the insights 

generated by the system are accurate and reliable. For 

example, dark vessel detection must consistently identify 

non-AIS vessels, and sea state predictions must align 

with actual conditions. These tests are vital for validating 

the system’s ability to deliver precise, actionable 

intelligence in the demanding environment of offshore 

wind farm management. 

Throughout the testing phase, feedback from end users, 

including operators from Scottish Power Renewables, is 

being incorporated into the development process. This 

feedback loop allows the team to refine the system’s 

functionality based on real-world use cases and ensures 

OSCAR: an integrated service for enhanced vessel management in offshore wind farms
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that the final product meets the practical needs of 

operators in the field. The iterative development process 

helps to improve both the technical performance and user 

experience of the OSCAR platform. 

5. Societal and Environmental Impact

The OSCAR project represents a significant 

advancement in optimizing the operational efficiency of 

offshore wind farms, with far-reaching societal and 

environmental benefits. Offshore wind energy is 

increasingly recognized as a cornerstone of the global 

effort to reduce greenhouse gas emissions and combat 

climate change. By addressing inefficiencies in the 

operation and maintenance of offshore wind farms, 

OSCAR directly contributes to both environmental 

sustainability and economic development in regions that 

depend on renewable energy. 

One of the key environmental benefits of OSCAR lies 

in its capacity to optimize vessel usage. Offshore wind 

farms rely heavily on service and guard vessels for 

maintenance and security, but inefficient scheduling and 

routing can lead to excessive fuel consumption and 

increased greenhouse gas emissions. OSCAR’s data-

driven approach to vessel deployment ensures that trips 

are minimized, and routes are optimized based on real-

time conditions, significantly reducing the carbon 

footprint associated with these operations. Moreover, by 

improving the alignment of wind turbines through SAR-

based yaw misalignment detection, OSCAR helps keep 

turbines operating at peak efficiency, reducing downtime 

and maximizing renewable energy output. This increased 

efficiency reduces the reliance on fossil fuel energy 

sources, helping to meet international climate goals such 

as those outlined in the Paris Agreement [1]. 

The societal benefits of OSCAR are equally compelling. 

Offshore wind farms are a major source of employment 

in coastal regions, and as wind farm operations become 

more efficient, the demand for highly skilled workers in 

areas such as data analysis, satellite technology, and 

maritime operations is expected to grow [5].  

Furthermore, by reducing operational costs, OSCAR 

makes offshore wind energy more economically viable, 

encouraging further investment in renewable energy 

infrastructure. This, in turn, can stimulate local 

economies, creating new jobs and opportunities in 

regions where offshore wind farms are located. As the 

world shifts towards renewable energy, technologies like 

OSCAR play a vital role in supporting energy security by 

making renewable energy more reliable and accessible. 

By improving operational efficiency and reducing costs, 

OSCAR helps stabilize energy supplies, especially as the 

energy mix continues to evolve away from fossil fuels 

[6]. 

An important aspect of OSCAR’s impact is its 

contribution to reducing the carbon footprint of offshore 

wind farm operations. Service and guard vessels, which 

are typically diesel-powered, contribute to the emissions 

profile of wind farm operations. By reducing unnecessary 

vessel trips and optimizing their deployment, OSCAR 

directly contributes to lowering these emissions. 

Moreover, OSCAR's ability to monitor and improve 

turbine performance ensures that wind turbines generate 

electricity more consistently, further reducing the need 

for supplementary fossil fuel-based energy during 

periods of downtime. This optimization extends the 

operational lifetime of turbines, ultimately leading to less 

frequent need for replacement and reduced material 

consumption, both of which contribute to overall carbon 

reduction efforts [7]. 

In the broader context of the renewable energy 

transition, OSCAR supports the scaling up of offshore 

wind by making it more cost-effective and manageable. 

As the global demand for clean energy increases, the 

efficient management of wind farms becomes critical to 

meeting renewable energy targets. OSCAR’s ability to 

streamline operations, reduce costs, and improve energy 

yield makes it a valuable tool for energy companies 

looking to expand their renewable energy portfolios. By 

ensuring that wind turbines operate at peak efficiency and 

that maintenance operations are performed only, when 

necessary, OSCAR helps energy producers maximize 

their return on investment while contributing to a 

greener, more sustainable energy grid [8]. 

OSCAR not only improves the technical operations 

of offshore wind farms but also delivers significant 

societal and environmental benefits. By reducing carbon 

emissions, supporting economic development in coastal 

regions, and contributing to energy security, OSCAR 

exemplifies how advanced satellite and terrestrial data 

integration can drive both technological and 

environmental progress. 

7. Partnerships Between Space and Non-Space

Stakeholders 

As a leader in the development and provision of 

space-based solutions, AAC Clyde Space plays a pivotal 

role in the OSCAR project, spearheading the integration 

of satellite technologies with offshore wind farm 

operations. The success of OSCAR is built on a diverse 

collaboration between space and non-space stakeholders, 

demonstrating the value of interdisciplinary partnerships 

in addressing complex challenges in the renewable 

energy sector. 

AAC Clyde Space contributes satellite-based 

Automatic Identification System (AIS) data and 

communications technology, which are key components 

of OSCAR's vessel tracking and maritime surveillance 

capabilities. Through our space-based AIS data 

constellation, OSCAR can provide real-time tracking of 

service and guard vessels in and around offshore wind 

farms, ensuring efficient vessel deployment and 

enhanced site security. Additionally, AAC Clyde Space’s 

OSCAR: an integrated service for enhanced vessel management in offshore wind farms
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expertise in satellite communications enables seamless 

data flow between offshore operations and onshore 

control centres, allowing for near real-time decision-

making based on accurate and timely information [9]. 

Alongside our contributions, other space sector 

partners and commercial companies play an essential role 

in the OSCAR project. These companies provide high-

resolution Synthetic Aperture Radar (SAR) imagery, 

offering all-weather, day-and-night monitoring 

capabilities that allow OSCAR to detect vessels not 

broadcasting AIS signals, monitor sea states, and assess 

turbine yaw misalignment. Additionally, ESA’s Sentinel-

1 program supplements OSCAR with broader SAR 

coverage, providing vital environmental data that 

enhances the system’s predictive capabilities [10]. 

The collaboration with non-space stakeholders is 

equally important in shaping OSCAR’s offerings to meet 

the specific needs of the offshore renewable energy 

sector. Scottish Power Renewables, a key project partner, 

provides operational data and validates the system 

through real-world testing at live wind farm sites. Their 

involvement ensures that OSCAR is optimized for use in 

the highly demanding environments of offshore wind 

operations. TRIOS Renewables and the Offshore 

Renewable Energy (ORE) Catapult contribute their 

extensive knowledge of wind farm operations, further 

refining OSCAR’s capabilities to address the operational 

challenges faced by the industry [11]. 

This partnership between AAC Clyde Space and non-

space stakeholders demonstrates the potential for space-

based solutions to drive innovation in the renewable 

energy sector. By integrating satellite-based data streams 

with terrestrial networks and real-time operational data, 

OSCAR delivers a comprehensive, end-to-end solution 

for offshore wind farm operators. The use of AIS and 

SAR data allows for better tracking and management of 

vessels, while predictive tools for turbine yaw alignment 

help reduce downtime and optimize energy output. The 

project exemplifies how cross-sector collaboration can 

provide practical solutions to industry-specific 

challenges, with AAC Clyde Space leading the way in 

demonstrating the value of space assets in transforming 

non-space industries [12]. 

8. Conclusions

The OSCAR (Offshore Servicing Coordination & 

Assessment with Remote Sensing) project stands as a 

pioneering example of how space-based assets can be 

successfully integrated into traditionally non-space 

sectors like renewable energy. By leveraging Automatic 

Identification System (AIS) data, Synthetic Aperture 

Radar (SAR) imagery, and advanced weather models, 

OSCAR has developed a comprehensive system that 

enhances the operational efficiency, safety, and cost-

effectiveness of offshore wind farms. 

Through this project, AAC Clyde Space has played a 

central role in demonstrating the value of satellite 

technology in solving complex logistical challenges in 

the renewable energy industry. The system’s ability to 

optimize vessel deployment, monitor turbine yaw 

misalignment, and predict sea state conditions offers 

substantial operational improvements for offshore wind 

farm operators. These enhancements translate directly 

into reduced fuel consumption for vessels, minimized 

downtime for turbines, and a more efficient use of 

resources—ultimately contributing to the economic 

viability of offshore wind energy. 

Beyond the technical benefits, OSCAR showcases 

the broader impact of interdisciplinary collaboration. The 

partnerships between space sector organizations like 

AAC Clyde Space and other commercial providers, along 

with renewable energy stakeholders such as Scottish 

Power Renewables and the Offshore Renewable Energy 

Catapult, have demonstrated the power of cross-sector 

innovation. These collaborations have led to the 

development of a system that addresses the specific needs 

of offshore wind operators while unlocking new 

opportunities for space-based data applications in non-

space industries. 

From a societal and environmental perspective, 

OSCAR makes a significant contribution to global efforts 

to combat climate change. By improving the operational 

efficiency of offshore wind farms, the project helps 

accelerate the transition to renewable energy and reduces 

reliance on fossil fuels. The reduction in carbon 

emissions, driven by optimized vessel usage and 

improved turbine performance, aligns with the broader 

objectives of global sustainability initiatives such as the 

Paris Agreement. 

Looking ahead, the OSCAR project sets a new 

standard for integrating space and terrestrial data to 

create end-to-end solutions for industry-specific 

challenges. The system’s flexible architecture can be 

adapted for other sectors, such as maritime transport, 

fisheries, or environmental monitoring, further 

expanding the scope of space-based technologies in 

solving global challenges. Additionally, as the renewable 

energy sector continues to grow, the need for advanced 

tools like OSCAR will become increasingly important in 

ensuring the cost-effective and sustainable management 

of energy resources. 

In conclusion, OSCAR serves as a testament to the 

power of space technology when applied to non-space 

industries. The project's success underscores the potential 

of interdisciplinary partnerships to deliver innovative 

solutions with tangible societal and environmental 

benefits. As AAC Clyde Space and its partners continue 

to refine and expand the OSCAR system, the project will 

remain at the forefront of efforts to drive efficiency, 

sustainability, and innovation in the renewable energy 

sector. 

OSCAR: an integrated service for enhanced vessel management in offshore wind farms
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