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Simulation of Forest Vegetation Return Waveform for
Satellite Large-Footprint LiDAR
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Abstract: Vegetation structure parameters retrieval and forest ecological monitoring based on satellite

large-footprint and full-waveform lidar(light detection and ranging) data is a hotspot in recent years.

Since vegetation structure parameters and the optical properties have effects on lidar return wave-

forms, a waveform simulator specified to vegetations for a satellite lidar is established to investigate

the influence in detail. The statisticlaw of the spatial vegetation distribution is extracted from field

measurements;the parameterized vegetation reflection model is generated by considering the surface
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roughness and slope, and vegetation canopy reflection characteristics; then, the waveform simulator
is developed based on the echo theory for satellite lidars. The simulated waveforms based on the field
measurement data in Greater Khingan Mountains and the GLAS echo waveforms have good consisten-
cy with R%equal to 0.91. The smaller footprint diameter is beneficial to retrievethe vegetation informa-
tion that locates at the terrain with a large slope.This research is of reference to the lidar system de-
sign for the developingsatellite lidar system of our country.
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paper, an extreme learning machine (ELM) is used to predict satellite clock offset in order to improve
prediction accuracy. For the problem that it is arduous to determine the hidden layer structure of ELM
neural network, a new algorithm for ELM network structure design is proposed based on the good on-
line classified characteristic of adaptive resonance theory (ART) network. The proposed algorithm
employs the clustering characteristic of ART network to design the ELM network structure. The
number of hidden layer nodes can be determined adaptively through the similarity comparison of input
vector. The experiment results show that the ART-ELM prediction model outperforms the quadratic
polynomial model and grey model remarkably.

Key words: satellite clock offset; prediction; adaptive resonance theory (ART) network; extreme

learning machine (ELM); structure design
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