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Airborne laser scanning is an active remote sensing technique where a laser emits short 
infrared pulses towards the Earth’s surface and a photodiode measures the backscattered 
echo. When there are several objects within the travel path of the laser pulse, multiple 
echoes are recorded. Therefore, state-of-the-art laser scanner systems measure the round-
trip time of first- and last pulse, some are capable of recording up to five pulses. In the 
near future commercial systems, which will record the full waveform of the backscattered 
signal, will become available. 
 
Due to the capability of airborne laser scanners to provide 3D echo clouds over vegetated 
areas, their application to vegetation mapping appears obvious. Indeed, there have been a 
number of studies that demonstrated a high correlation of traditional forest parameters 
and statistical parameters extracted from 3D laser scanner clouds. Some authors have 
concluded that laser scanning is of comparable quality or even superior to traditional 
forest inventory methods. For state-of-the-art first/last pulse systems, one may 
pragmatically assume that the first pulse is associated with the top of canopy and the last 
pulse, with some probability depending on the canopy closure, with the forest floor. 
Filtering methods can be applied to the last pulse data cloud to remove all echoes from 
the vegetation layer to obtain the true terrain height. The height difference between the 
first pulse and the modelled terrain, often referred to as “normalised surface model”, is 
then indicative of the true height of the vegetation layer. In fact, a comparison of 
normalised surface models and digital orthophotos confirms the high information content 
of the former. It is obvious that the quality of the filtering approach, i.e. the accuracy of 
the digital terrain model, has a strong impact on the usefulness of the surface model for 
vegetation analysis. We will present the results of a robust filtering approach developed 
by the Vienna University of Technology and discuss its applicability for different land 
cover classes. 
 
Even though normalised surface models from airborne laser scanner data look very 
promising for vegetation analysis, there are still major caveats. The major problem is that 
with current first/last pulse systems it is essentially unknown where the recorded echoes 
are coming from. Therefore, one needs to pose the question if it will be possible to 
develop physically-based retrieval models which can be transferred to other regions 
without recalibration. This topic will be addressed by discussing the interaction of the 
laser pulse with vegetation canopies. Also, first measurements with a new laser scanner 
(Riegl Airborne Laser Scanner LMS-Q560), which is capable of digitising the complete 
backscattered waveform, will be shown. 


