’m Check for updates

Journal of KIIT. Vol 22, No. 5, pp. 105-113, May 31, 2024. pISSN 1598-8619, eISSN 2093-7571 105
http://dx.doi.org/10.14801/kiit.2024.22.5.105

i dEE arele ONN 7]Hke] Frd 58 BNl 34 A
T

ol

21

a

o

|1 Al xx

0lo

Rotation State Classification of Floating Wind Turbine based on
CNN Considering Sea State
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Abstract

This paper focuses on distinguishing the rotation states of wind turbine blades in floating wind system when sea
states are considered. To implement our ideas, we conducted electromagnetic numerical simulation, indoor and outdoor
measurements. The experiments categorize the sea states into four different levels instead of the conventional nine
levels to distinguish clearly the wave height and period. The training data consists of noise-free spectrograms, while
the test data is added with the Gaussian noise at the given signal-to-noise ratio(SNR) of 5 dB, 10dB, 15dB, and
20dB. The results using the Convolutional Neural Network(CNN) classifier indicate that the performance is improved
as the SNR increases. 50 Monte Carlo simulations are conducted and the classification accuracy is higher than 92%
at all cases of using the numerical simulation, indoor and outdoor measurement data.
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Table 1. Specification of radar used for measurement

Parameter Value
Azimuth angle 0°~30°(0.5° step)
Sea state 174
SNR 10dB™200dB (50B step)
# of Monte Carlo
. . 50
simulation
# of total spectrogram 1024
# of Train data 716
# of Test data 308
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Table 2. Indoor measurement data parameters

Parameter Value
Azimuth angle 0"~ 30° (5" step)
Sea state 1 ~4
SNR 10dB~20dB (5dB step)
# of Monte Carlo
) . 50
simulation
# of total spectrogram 840
# of Train data 588
# of Test data 252
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Table 3. Outdoor measurement data parameters

Parameter Value
Sea state 1~4
SNR 10dB~20dB (5dB step)

Mesurement spot

Youngdeok and
Kyeryong Mountain

# of Monte Carlo

simulation >0

# of total spectrogram 100
# of Train data 70

# of Test data 30
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Table 4. Confused matrix for SNR=5dB for simulation data

Predicted Normal Imbalance
Actual
Normal 7313 387
Imbalance 523 nrr
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Table 5. Confused matrix for SNR=5dB for indoor
measurement data

Predicted
Normal Imbalance
Actual
Normal 5893 407
Imbalance 513 5787
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Table 6. Confused matrix for SNR=5dB for outdoor
measurement data

Predicted Normal Imbalance
Actual
Normal 699 o
Imbalance 68 682
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Table 7. Classification accuracy by SNR

SNR

Method 50B 10dB 15dB 200B

Simulation 95.4% 98.3% 100% 100%

Indoor RQ7% 94.7% 97.8% 98.4%
measurement
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