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Ground and canopy surface detection method based on direction—adaptive
OPTICS in mountainous forest areas
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Abstract: The successful launch of the Ice, Cloud, and land Elevation Satellite-2 (ICESat-2), carrying the Advanced Topographic Laser
Altimeter System (ATLAS), has made it possible to accurately quantify global vegetation structure. However, given the limitations of the
sensitive photon detection system, its data contain a large amount of background noise photons. Aiming at the problem that ICESat-2/
ATLAS has low signal extraction accuracy in mountainous forest areas, which leads to the difficulty of ground and canopy surface detection,
the method of ground and canopy surface detection based on direction-adaptive ordering points to identify the clustering structure (DA-
OPTICS) is proposed.

First, the initial ground surface is obtained through segmented curve fitting based on random sample consensus (RANSAC), which is
used to construct a direction-adaptive elliptical searching area to replace the traditional circle in OPTICS, forming the DA-OPTICS. On the
basis of this algorithm, the reachability distance of all photon point clouds is obtained. Potential ground signals and surface are obtained
successively via a “two-step method”: Otsu’s method is first introduced to obtain potential ground signals, and potential ground surface is
then acquired by fitting potential ground signals through RANSAC. The “two-step method” is iterated several times until the similarity
between the potential ground surface obtained before and after is greater than 90%, indicating that the potential ground surface is considered
a fine ground surface. Second, the effect of terrain on photons is eliminated by referring to the fine ground surface, and the vegetation signal
is extracted by vertical elliptical OPTICS. Finally, on the basis of the vegetation signal, the canopy surface is detected by combining the
elevation percentile and piecewise cubic Hermite interpolation curve fitting.

The ICESat-2 ATL03 data of Mengjiagang Forest Farm in Heilongjiang Province and Fushun Forest Farm in Liaoning Province are
used as research objects to carry out experiments, and the accuracy is verified by manually labeled samples and unmanned aerial vehicle
products. Results show that the extraction accuracy (F) of ground surface and vegetation signals in the mountainous forest areas is 0.97,
which is about 0.07 higher than that of the OPTICS based on elliptical searching area. In addition, the RMSEs of ground and canopy
surfaces detected by the proposed method are 1.08 m and 2.33 m, respectively, compared with 1.92 m and 3.29 m of ATLO0S, respectively,
implying a significant improvement in accuracy.

Therefore, compared with the OPTICS based on elliptical searching area and ATLOS, DA-OPTICS has higher precision in extracting
vegetation signal photons and detecting ground and canopy surfaces. It is more suitable for areas with large gradient changes such as
mountainous forest areas and can provide a reliable data foundation for the subsequent inversion of forest spatial structure.

Key words: ICESat-2/ATLAS, direction adaptive, DA-OPTICS, iterative refinement, terrain slope, mountain forest area
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