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Edmont,“Boat sailing the Lyse fjord in Norway. Picture taken from the _uqm_xmmﬁo_m:.,_&o BY-SA 3.0, Created: 14 April 2009
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Detectability of wakes MIMSI: 211404810

Lange: 66m
Breite: 11m DLR

CoG: 16°
SoG: 8.44 m/s

MMSI: 211179240
Lange: 22m
Breite: 6m

CoG: 284.3°

SoG: 10.24m/s

A Mogorathy
Marineleatfiticom

MMSI: 261520000
Lange: 10m
Breite: 3m

CoG: 98.8°

MMSI: 261352000 & SoG: 8.64 m/s

Lange: 16m
Breite: 4m
CoG: 194.8°
So0G: 9.04 m/




Wake components in SAR
DLR
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Wake detectability modelling ‘#7
Wake component dataset DLR

» ~3000 TerraSAR-X wake samples in the dataset
» Vessel information retrieved from AlS
» \Wake components manually retraced

* Proportion of main wake components in the used dataset:

rounded to integer

Turbulence 59%
Turbulent wake 61%
Kelvin wake arm 21%
V-narrow wake arm 27%
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Wake detectability modelling
Wake component dataset DLR

* Nine Influencing parameters affecting the detectability:

index x;

X4 AlS-Vessel-Velocity Velocity of the vessel derived from AlIS messages interpolated to the image acquisition time

o SAR-Wind-Speed Wind speed estlm_ated from the SAR background around the vessel using the CMOD-5h or
XMOD-2 geophysical model function

X3 Incidence-Angle Incidence angle of the radar cropped full performance value range

X4 AIS-Length Length of the corresponding vessel based on AlS information

% AlS-CoG The course over ground based on AIS information relative to the radar looking direction (0

means parallel to range and 90° mean parallel to Azimuth).
Significant wave height estimated from the SAR background around the vessel using the

Xg SAR-Significant-Wave-Height SAR-SeaStaR algorithm
- SAR-Significant-Wave-Length Wave length estimated from the SAR background around the vessel using the SAR-
SeaStaR algorithm
L Absolute angular difference between AIS-CoG and wave direction estimated from the SAR
X8 AR SSRGS background around the vessel using the SAR-SeaStaR algorithm
2 AlS-CoG-WRE-Wind-Direction Absolute angular difference between AIS-CoG and wind direction estimated by the Weather

Research and Forecasting Model (WRF) nearby the vessel.
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Wake detectability modelling
Procedure for analysis of detectability DLR

{A: extraction of wake samples and wake componenten

IS e e 1: collocation & SAR datensets
P p extraction of wake samples (TSX, CSK, S1, RS2) 1

T
subimages of wake samples

Localizing moving vessels by AIS e

filtering

data collocated with SAR images . )

3a: manual retracing oi_wake 3b: manual labelling of
components & calculation of

Filtering of SAR-artifacts not

rel ated to Sh|p movements componon: length s extraction of influencing parameters wake absl |

4a: ship properties > 4c¢: environmental conditions

Y

= Manual Inspection ——pol: HHAW polarisation-——{--| | 4b: SR accuition seting | |--}--- pol: HHIVV polrisation -~

: — 5: wind speed
i1: vessel's velocity 4: incidence angle 6: wave height

. .
» Extracting influencing parameters | Eem 7 yeeionan
i ] i 9: wind direction i
= Modelling of detectability I o el s
6a: training of

- - - ili value ranges 6b: training of
= Estimation of uncertaint | s s o ot
v PV, SV. PSV. PI. SI. PSI tranverse und divergent waves

9D SVR detsctability models Zadiscietelsamplinglat 5D SVC detectability modsls
value ranges

Plotting and Interpretation | e

8a: estimation of wake component
lengths of feature vectors &
normalisation into
DLM figure of merit

8b: classification of feature vectors
& determination of
DCM figure of merit

9D matrices of figures of merit 9: colorcoding of detectabilities 5D matrices of figures of merit
& drawing of heatmaps
(for HH and VV polarisation)
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Wake detectability modelling
Visualization of feature space DLR
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Wake detectability modelling A#y
Modelling the wake component detectability DLR

» \Wake component length [, is used as indicator for wake component
detectability

* Training a Support Vector Regression model f,, for mapping wake
component length [, to the influencing parameters x;:
L, = f,y (X)), with X°P = {x{; x5; x3; x4; X5; X6; X7; Xg; X9} and w denotes
wake component

» Detectable Length Metric (DLM, figure of merit for detectability) is calculated
by normalizing [,, linearly between a minimum and maximum boundary:

[, — lmin hyperparameter settings are:
DLM.., = g (l ) — w_ W hyperparameter name value
w wiw |lwax—l\7}}ln|’ Kernel type polynomial
Kernel degree d 2
error tolerance ¢ 0,001
error weighting C 1,0

gradient y 0,0
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Wake detectability modelling
Visualization of feature space with detectability model

= Gray hyperplane represents the detectability model
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Wake detectability model’s uncertainty A#y
Visualization of uncertainty estimation method DLR

» Feature space with five hyperplanes trained on five subsets of original
training dataset

» Differences between each hyperplane to each other hyperplane are sampled
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Wake detectability model’s uncertainty A#y
Uncertainty estimation DLR

» Distances between models are used for uncertainty estimation

» Mathematical operation “square”, “mean” and “root” are applied in that
sequence on Intra-Model-Differences:

- 1
RMSEZ° =

= Individual RMSE{‘;O for two subset-based models are averaged

5 5,j%0

1 j.0
RMSEW=%2 z RMSE,,

j=1o0=1,j+#o0

: 2
z (af°(xsP)) ,vje{j N1 <j<n}¥o€e{o€N[1<o0<nAo# )
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= RMSE,, ist estimator for total uncertainty of the detectability model
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Wake detectability modelling
View into 9D non-linear model for turbulent wakes DLR
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Wake detectability model’s uncertainty A#y
Significance test of detectability characteristics DLR

= Variation in detectabllity in dependency to one influencing parameter c for a
static setting of all other influencing parameters o:

ADLM,, = max gw(fw(xc, Xo:tc)) - ;né? gw(fw(xc:Xoic))

,dx, €1,
Vx €l X o€l

= Variation is significant if:
RMSE,, < ADLM,,
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Wake detectability model’s uncertainty A#y
Application of model’s uncertainty to model’s analysis DLR

Total model’s uncertainty for turbulent wakes (tw): RMSEry,, = 0.16
Jew (363 m) = 0.09 °
gew (54 m) = 0.00
ADLMy,, = 0.09
0.16 < 0.09 )€
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ADLM,,, = 0.53

0.16 < 0.534/
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Summary & Conclusion A#y
DLR

* Method is based on assumption:
“Machine Learning models robustly trained on dataset with infinite size and
on derived data subset are identical”

» Differences between multiple models independently trained on data subsets
derived from original dataset with finite size, are used for estimation of
uncertainty of model trained on original dataset

» Characteristics describing influences of physical parameters on detectability
of objects can be derived from detectability models

» Estimators of uncertainty can be used to test significance of characteristics
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Thank youl!
Questions? Critics?
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