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Effect of elliptic Gaussian footprint on range and range error for

satellite laser altimeter
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Abstract: Spatial distribution of the beam is an important factor of affecting range indicators for satellite
laser altimeter. According to the distribution characteristic of received pulse signal and definition of the
received pulse signal’s time-centroid and its variance, the influence models of elliptic Gaussian footprint
on range and range error for satellite laser altimeter were built, by modeling theoretically the elliptical
Gaussian footprint and the linear target. Based on parameters of Geoscience Laser Altimeter System
(GLAS), as for three typical observation target with slope degree and roughness(3°, 1.7 m), (12.5°, 8.9 m)
and (28.2°, 14.5 m), the influences of the elliptical Gaussian footprint’s ellipticity and azimuth on the

range and range error were discussed systematically with the ways of numerical simulation. The results
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show that laser range almost has no relation with the elliptical Gaussian footprint’s ellipticity and azimuth,

its maximal difference is less than 1 mm. However, laser range error will fluctuate markedly with the

elliptical Gaussian footprint’s ellipticity and azimuth, corresponding maximal difference reaches 47.04 cm.

The conclusions provide practical application values for hardware design and performance assessment of

satellite laser altimeter.
Key words: satellite laser altimeter;

range error
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Fig.1 Several coordinate systems during satellite laser altimeter

measurement
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Tab.1 Basic measurement parameters for

geoscience laser altimeter system

Name and signal of parameters Value
Wavelength of laser(A) 1 064 nm
Photon energy (/) 1.87x107" J
Energy of transmitted laser pulse(E,) 75 mJ
Laser beam divergence(6;) 29 prad
Area of receiver telescope(A,) 0.638 m?
Transmittance of receiver telescope(,) 0.5
Quantum efficiency of APD(n) 0.35
Noise factor of APD(F) 3.24
One-way atmospheric transmittance(7,) 0.5
Satellite orbital altitude(H) 600 km
Laser pointing angle(®) 0°
Reflectance of measured target(p,) 0.35
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Fig.2 Sample GLAS images of the laser far field patterns measured

during different campaigns
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Fig.3 Influence of elliptical Gaussian footprint ellipticity on difference

of range
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Fig.4 Relationship curve between difference of range error and elliptical

Gaussian footprint ellipticity for three ground targets
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Tab.2 Difference of range error with GLAS for
three ground targets

Slope and roughness of target

Range error

(3°,1.7 m) (12.5°,8.9 m)  (28.2°,14.5 m)
&(1,) 51.78 cm? 1224.78 cm? 4.404.92 cm?
(1) 48.50 cm? 1165.83 cm? 4.063.43 cm?
Ae? 3.28 cm® 58.95 cm? 341.49 cm?
Ae 1.81 cm 7.68 cm 18.48 cm
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Fig.5 Waveform distribution of received pulse signal with elliptical

Gaussian footprint for three ground targets
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Fig.6 Distribution curves of range error difference with azimuth of

elliptical Gaussian footprint for three ground targets
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