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• INTEGRIA's overall objective is research into the structural integrity of high-value-
added components, enabling companies to access the enormous potential market
for floating offshore wind power.

• Achieving this is only possible with models as a key means of solving problems
with innovations around the generation of a single comprehensive model made
up of several digital models based on Artificial Intelligence (AI) of elements of the
structure (transition piece, TP), the mooring system, the evacuation and power
supply elements, the access system or the hydraulic and mechanical systems for
the control of the floating wind turbine.
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• The INTEGRIA

IntegrIA – Digital Model Architecture
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IntegrIA – AI models for TP Stress forecasting

Transition Piece is one of the most important elements from structural point of
view, it’s responsible for connecting the wind turbine with the floating structure
and transmitting the loads.
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The objective is to create predictive AI model for stress
assessment and forecasting in the Transition Piece
(TP) of floating wind turbines, a key structural element
requiring robust performance under fluctuating
environmental and operational forces.

• Real data
• Mathematical model calibration/validation
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To address the limitations of acquiring extensive real-world data, the
system relies on synthetic data, with principal Design Load Cases defined to
encompass a broader range of dynamic scenarios.

OrcaFlex

FEM

Metocean data
(Hs, Tp, Gamma, Wd, C, 

Cd)

HarshLab Dynamics 
(accelerations: X, Y, Z, Roll and 

Pitch)

HarshLab Dynamics 
(accelerations: X, Y, Z, Roll and Pitch)

Transition Piece 
Stress time series

(90 measurements)

INPUTS OUTPUTS
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EXPLORATORY DATA ANALYSIS

DLC: Hs 11 / Tp 18.2 / Gamma 3.3
/ Wd 315 / C 1.4 / Cd 270
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EXPLORATORY DATA ANALYSIS CASE Gamma 3.3 (20Hz)



IntegrIA – AI TP Stress forecasting model
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TP STRESS PREDICTION (Regression models)

Input(10): Accelerations On t-15, t-16

Model Validation 
RMSE

Validation
R2

Validation
MAPE

Test
RMSE

Test
R2

Test
MAPE

Linear Regression 0.8111 0.9935 0.5204% 0.6803 0.9909 0.6104%

XGBoost 0.8254 0.9933 0.5092% 0.7853 0.9898 0.611%

Decission Tree 0.8111 0.9935 0.5204% 0.6803 0.9909 0.6104%

Random Forest 0.9377 0.9871 0.8072% 1.0115 0.973 1.2315%

MLP 0.7727 0.9941 0.5257% 0.7052 0.9907 0.5931%

Output(90): Stress contributions on t0

VALIDATION 
60%

TRAIN 
28.5%

TEST 
28.5%

            +
QuantileTransformer(‘normal’)
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Linear Regression results
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TP STRESS FORECASTING (Time Series models)

RMSE MAPE

Validación 6.797 6.1%

Test 6.802 6.12%

+
MinMaxScaler()

Neural Network (LSTM Seq2Seq encoder-decoder)
Input(5*480): Accelerations [t-480 - t0]
Output(18*40): Stress from [t0 – t+40]
 

TRAIN 75% VAL 
15%

TEST 
10%
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Output(18*40): Stress from t0, t+40 

Input(5*480): Accel. from t-480, t0
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IntegrIA – Metaoceanic AI model

• Objective: Predict meteocean parameters to estimate the sea state 
in the harshlab.
• Significant wave height (m)

• Peak period (s) 

• Wave direction (deg)

• Gamma (float)

• Data available from Soffar Spotter: registries every 30 minutes
from 2024-07-18 7:00 to 2024-12-31 23:00
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IntegrIA – Metaoceanic AI model
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Significant Wave Height (m) - 30min horizon

RMSE MAPE

Training 0.126 5.88%

Test 0.101 5.22%
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Peak Period (s)- 30min horizon

RMSE MAPE

Training 1.517 0.076%

Test 0.609 0.052%



IntegrIA – Metaoceanic AI model

22

Wave Direction (deg) - 30min horizon

RMSE MAPE

Training 73.774 5.334%

Test 25.995 2.716%



Eskerrik asko!
¡Gracias!
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