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A Random Forest-Based Method for Extracting Sea Surface Photons Based on Point
Cloud Spatial Features
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Abstract: The highly sensitive photon-counting lidar carried by the ICESat-2 (Ice, Cloud, and land Elevation Satellite-2) has opened
up new avenues for sea surface detection. However, due to the dual constraints of the sensor’s extremely high sensitivity to photon signals
and the cross-medium reflection characteristics between the sea and the atmosphere, the original data shows the feature of a mixture of ef-
fective photons from the sea surface and noise photons, which limits the direct application of the data. To this end, this paper proposes a
random forest classification framework based on multi-dimensional spatial feature mining and establishes a two-level processing strategy
from coarse extraction to precise classification. Firstly, based on the signal-to-noise ratio analysis of the photon quantity histogram of eleva-
tion, the coarse extraction of sea surface photons is achieved, and then a high-confidence training dataset is constructed through manual
annotation. Extract 7-dimensional feature parameters to train the classification model to further optimize the classification results. To verify
the advantages of the method, the above-mentioned method was used to extract the sea surface photons of the day-night data in the coastal
area of Qingdao and conduct a comparative analysis with the DBSCAN algorithm. The results show that although the DBSCAN algorithm
can achieve photon extraction from the sea surface (with a relatively high accuracy rate when the search radius is 1 m), its performance is
affected by parameter sensitivity and its robustness is relatively low. The extraction algorithm in this paper achieved overall classification
accuracies of 96.92% and 99.75% respectively in daytime and nighttime data by constructing photon spatial features, and its performance
was superior to that of traditional methods. Meanwhile, the Gaussian fitting algorithm was introduced to extract the sea surface points of
Class I water bodies (Lanai Island, Hawaii) and Class Il water bodies (near the coast of Qingdao), and compared with the method in this
study, verifying the robustness of this method in different sea areas. Therefore, this method effectively resolves the challenge of signal ex-
traction in a strong noise background, confirming the significant advantages of machine learning strategies in the processing of single-pho-
ton remote sensing data, and providing new methodological support for the oceanographic application of spaceborne photon counting data.
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