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Study Area and Data

Figure 1: The study areas in the Baltic Sea indicated by the red frames, 2025 study area in the northernmost part of the Baltic Sea and
2024 study area southwest of the 2025 area.

❼ This work is related to the BalticAIMS project (EO Applications for Integrated Maritime and Territorial Spatial Planning in the Baltic)
funded by ESA.

❼ ICEYE operates at X-band (λ ≈ 3cm) and VV polarization.

❼ 43 satellites.

❼ ICEYE SCAN mode: 100 x 100 km area with a resolution of 15 m

❼ Two datasets: 5-20 Feb 2024 (50 images), Feb-April 2025 (50 images).

❼ Auxiliary data: FMI ice charts (SIC, SIT, degree of deformation (DoD)), AMSR2 MWR, weather data (ECMWF temperature and
wind), HIGHTSI ice model data (SIT).

❼ SCAN mode data are calibrated and geo-rectified to Mercator projection, land masking is applied, incidence angle grid is derived from
the metadata.

Figure 2: FMI ICEYE processing chain.

❼ The backscattering slope as a function of the incidence angle was estimated to be -0.22 dB/degree using the 2024 SCAN moxde data
set.

Methodology
❼ The FMI sea ice drift (SID) aslgorithm was applied to estimate the SID between temporally adjacent SCAN mode image pairs.

Figure 3: Structure of the FMI SID estimation algorithm.

Figure 4: Creating the input data from preprocessed SAR data.
❼ Based on the estimated SID a predicted SAR image corresponding to the time instant of the second (later) image of an image pair is
generated.

❼ Three cross-correlations (CC) between the first and second image of an image pair and the predicted image are computed.

❼ CC grids, SAR σ0 and SID magnitude used as features for DoD estimation. The dimension is reduced to three based on partial least
squares (PLS).

❼ PLS is an iterative algorithm for finding a reduced set of vectors best explaining the outputs y and the inputs X (n x p), i.e. finding
optimal Z (n x k, k<p) such that X and y can be expressed as decompositions:
X = ZV T + E and y = Zb + e

PLS can be considered as a combination of PCA and linear regression.

❼ 3Three PCA components used for segmentation and three PLS components with ice chart DoD as y (gound truth) used for DoD
classification neural network.

❼ The segment labels generated by clustering (DBSCAN clustering algorithm) the 3-dimensional PCA vectors.

Figure 5: Structure of the U-net used for segmentation DoD classification.

❼ U-net neural network is used for segmentation and classification. Because of limited GPU memory the U-net training is performed for
256 x 256 blocks.

❼ Different U-net loss functions: for segmentation categorical cross-entropy and for DoD classification a linear combination of absolute
difference and categorical cross-entropy.

❼ U-net has a self-attention layer at the bottleneck to capture long-range spatial dependencies between pixels across the image feature
map.

❼ Sea ice parameters can be estimated for the segments provided by the segmentation algorithm, e.g. SIC estimated based on AMSR2
gradient and polarizatio ratios and SIT based on linear regression combined with SIT history (previous day ice chart). SIC and SIT
provided as segment median values.

❼ Becuase U-net provides a DoD distribution for each pixel the expectation is used as the DoD estimate. Standard deviation is computed
to describe the DoD local uncertainty.

❼ Locating static ice: typically land-fast ice (LFI) can be located based on cross-correlation or ice drift statistics during a longer time
period.

Examples of the analysis

Figure 6: ICEYE SCAN mode image 14 Feb 2025 03:18:50 UTC and the corresponding three cross-correlations.

Figure 7: An example of the segmentation: PCA image, SAR image (15 Feb 2025 00:42:00 UTC) and the corresponding segmentation
result presented as a segment median image. Also segment-wise SIC and SIT estimates are shown.

Figure 8: An example of the DoD classification for 15 Feb 2024 20:26:21 UTC: the PLS image used as an input, FMI ice chart DoD, DoD
based on linear regression, U-net DoD and the DoD uncertaioonty.

Figure 9: CC statistic (based on the CC between the first SAR image and the prdicted SAR image) for the Feb 2024 study period and
static ice area (white) extracted from the statistics by thresholding.

Conclusions
❼ Short time ice motion provides complementary information to SAR σ0. These data can be used to improve automated sea ice
segmentation and classification.

❼ Either neural network (e.g. U-net) or more traditional methods (linear regression, PLS, meanshift, ICM etc.) or thier combinaations
can be used for ICEYE sea ice data analysis and parameter estimation from multitemporal ICEYE data.

❼ Incidence angle gris is computed for the ICEYE SCAN mode images, and σ0 incidence angle dependence has been defined. Incidence
angle correction not applied yet.

❼ Very little in-situ data for validation of the results.

❼ Ice chart resolution is very coarse and in the absense of good validation data evaluation of the classification results is mainly based on
visual comparisons.
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