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ABSTRACT

The application of Deep Neural Networks (DNNs) for Arctic sea ice segmentation and classification
shows promise but requires large, labeled datasets. Fully annotated Arctic Sea Ice datasets are scarce,
demanding domain expertise and significant manual effort. This study presents an automated approach to
generating labeled datasets by integrating LiDAR data and RGB imagery, focusing on binary ice-water
classification. Data from the GoNorth23 expedition aboard the RV Kronprins Haakon in July 2023 were
used to generate sea ice labels by projecting LiDAR point clouds onto images, assuming all LiDAR returns
originated from ice features. Three preprocessing methods–Thresholding, Morphological operations, and
Otsu-Hybrid–were applied to refine the sparse point cloud data before training a neural network with these
datasets as the ground truth. The preprocessing methods were evaluated against a 361-image manually
labeled dataset, with the Morphological and Otsu-Hybrid methods achieving the highest resemblance (0.60
IoU). While this study serves as a proof of concept rather than optimization exercise, a U-Net model trained
on the Morphological dataset for 30 epochs achieved an IoU score of 0.76 on the manually labeled test
set. In general, the Morphological-trained U-Net exhibited strong recall, whereas the Otsu-Hybrid-trained
model excelled in precision. These results suggest that large-scale labeled datasets can be generated from
different weather conditions with minimal manual effort.
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I. INTRODUCTION

Deep Neural Networks (DNNs) have demonstrated sucess in various computer vision tasks and are being
increasingly applied to sea ice mapping and monitoring. Several studies have utilized neural networks for
segmenting and classifying sea ice features using optical imagery from icebreakers (Dowden et al. 2021, Li
et al. 2024, Ma et al. 2024, MacMillan et al. 2024, Panchi et al. 2021). Additionally, methods addressing
optical distortions caused by Arctic weather conditions have been investigated (Panchi & Kim 2024,
Pedersen & Kim 2020).

Despite the potential of DNNs for sea ice monitoring, these models require extensive labeled datasets,
which are time-consuming and require domain expertise to create. While large, publicly available datasets
exist for applications such as autonomous driving (Caesar et al. 2019), pedestrian tracking (Leal-Taixé et al.
2015), and object recognition (Lin et al. 2015), comprehensive labeled datasets for sea ice segmentation
remain sparse (Dowden et al. 2021, Li et al. 2024). The lack of annotated datasets is not due to a shortage of
optical imagery, as studies frequently utilize publicly available images and video streams from icebreakers
such as the Nathaniel B. Palmer, Tian’en, USCG Healy, and 50 Let Pobedy (Dowden et al. 2021, Kim




