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Global Offshore Wind Energy Infrastructure Derived from Sentinel-1 
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SyntEO Conceptual Overview
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Generated Images and Derived Annotations
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CREATE TABLE sea (

id INT PRIMARY KEY,

coverage INT);

CREATE TABLE windfarm (

id INT PRIMARY KEY,

size VARCHAR(255),

shape VARCHAR(255),

is_within INT,

FOREIGN KEY (is_within) REFERENCES sea(id));

Select Samples to Compile a Training Dataset
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Individual

SQLite



Inference with

structured output,

Temperature fixed 0.2

Serve LLM

Semantic Enrichment – High Level Implementation
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Ontology

Create an individual with 

a constraint-based 

ontology instantiation 

deepseek-R1-distill-llama-70b

(DeepSeek-AI, Guo, D. et al. 2025)

Serialize to JSON

Scene 

Description

Individual

CREATE TABLE sea (

id INT PRIMARY KEY,

coverage INT);

CREATE TABLE windfarm (

id INT PRIMARY KEY,

size VARCHAR(255),

shape VARCHAR(255),

is_within INT,

FOREIGN KEY (is_within) REFERENCES sea(id));

SQLite



Single Scene Description Example

7

'The scene primarily captures a vast expanse of sea, 

covering most of the area, with a small portion of land 

visible. The land is concentrated in the southern regions 

with a smaller patch near the center. The sea dominates 

the northern parts of the image. Within the northern 

section, there is a medium-sized offshore wind farm. This 

wind farm contains 20 turbines arranged in a polygon 

shape, adding a notable feature to the otherwise open sea.'

{"scene": {

  "sea_coverage_in_percent": 90.0,

  "land_coverage_in_percent": 10.0,

  "scene_objects": {

  "sea": {

    "child_objects": {

    "offshore_wind_farm": {

      "parent_relationship": "is within",

      "turbine_count": 20,

      "shape": "polygon",

      "size": "medium",

      "spatial_appearence": {

      "presence": {

        "northwest": true,

        "north": true

      },

      "coverage": {

        "northwest": 15,

        "north": 27

      }

    "land": {

    "spatial_appearence": {…



Embedding visualization of synthetic scene descriptions
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All Scenes (n= 88197)

Descriptions

Embedding

Dimensionality 

Reduction

UMAP

2 Dimensions
(McInnes et al. 2018)

Jina-embed-v3

1024 Dimensions
(Sturua et al. 2024)



Embedding visualization of synthetic scene descriptions
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Synthetic Scene Retrieval with Semantic Queries

10

A mixture 

of sea and 
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linear 
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in open 
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Similarity Search DescriptionsQuery Embedding Embedding

Jina-embed-v3

1024 Dimensions
(Sturua et al. 2024)

Jina-embed-v3
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Synthetic Scene Retrieval with Semantic Queries
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Similarity Search DescriptionsQuery Embedding Embedding

Jina-embed-v3

1024 Dimensions
(Sturua et al. 2024)

Jina-embed-v3

1024 Dimensions

How many offshore turbines have been 

built in the North Sea last year?

Did the deployment of the Horn Sea 

offshore wind farm influence the migration 

rout of maritime mammals?
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