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Abstract The echo waveform is one of the core data from the laser altimetry satellite, and the simulation analysis of
echo waveform has important reference value in parameters designing and data processing for the satellite. In this
paper, the effects of three factors such as ground reflectivity, emission waveform and laser profile array (LPA) on
the echo simulation results are considered, and the contrast experiment is conducted. The optimal simulation
method is discussed. In the experiment, a certain research area is selected, and the data of ice, cloud and land
elevation satellite (ICESat)/geo-science laser altimeter system (GLAS) is used as the verification data, and the echo
simulation accuracy is evaluated by the correlation coefficients. The results show that the echo simulation accuracy
can be significantly improved after the actual ground reflectivity and emission waveform are considered, and the
correlation coefficient of the simulation results is improved from 0.9337 to 0.9492. Due to the low spatial resolution
of the pixels in the LPA, there exists a large error in simulation accuracy. With the increase of pixel resolution by
cubic spline interpolation, the simulation accuracy can be improved to 0.9513.
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Fig. 1 Flow chart of echo simulation for spaceborne laser altimetry satellite
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Fig. 2 Overview of research region. (a) Airborne LiDAR data coverage; (b) experimental region;

(c) local area in the experimental region
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Table 1 Product parameters of GLAS

Parameter Product number Product grade Sampling frequency /Hz Illustration
i_rec_ndx GLA01/GLA04/GLA14 1 Unique identifier
i_tx_wf GLAO1 Level 1A 40 Transmit pulse
i_rng_wf GLAO1 Level 1A 40 Echo waveform

i_Pixint GLAO04 Level 1A 40 LPA pixel intensity data

i_tpazimuth_avg GLA14 Level 2 1 Transmit pulse azimuth
i_tpeccentricity_avg GLA14 Level 2 1 Transmit pulse eccentricity
i_tpmajoraxis_avg GLA14 Level 2 1 Transmit pulse major axis
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Table 2 Overview of airborne LiDAR data

Digital object identifier
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Dataset name
Collection platform
Horizontal coordinates
Vertical coordinates
Number of cloud points

Point cloud density /(pointsem *)

State of Utah acquired LiDAR data: Wasatch Front
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Fig. 3 Simulation results. (a) Topographic distribution; (b) reflectance distribution; (c) real terrain image;

(d) comparison between simulated echo waveform and real echo waveform
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Table 3

Influence of reflectivity on simulation results

Mean correlation coefficient

The count of better results

Number of -
Ignoring the

footprints o
reflectivity

Considering the

reflectivity

Ignoring the Considering the

reflectivity reflectivity

119 0.9337

0.9417

51 68
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Fig. 4 Real and simulated transmitted waveforms of GLAS
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Table 4 Influence of transmitted waveform on simulation results

Mean correlation coefficient

Count of better results

Number of - - - - - -
Simulated transmitted Real transmitted Simulated transmitted Real transmitted
footprints
waveforms waveforms waveforms waveforms
119 0. 9417 0. 9492 12 107
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Table 5

Influence of laser energy distribution on simulation results

Mean correlation coefficient

The count of better results

Number of -
) Simulated energy
footprints o
distribution

Original LPA

energy distribution
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energy distribution

Simulated energy

distribution

119 0. 9492

0.9537
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Table 6

Influence of original LPA and interpolated LPA on simulation results

Number of Mean correlation coefficient

The count of better results

footprints Original LPA

Interpolated LPA

Original LPA Interpolated LPA

119 0.9537

0.9513
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