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Development of an algorithm to generate 
pit-free Digital Surface Models from LiDAR
Introduction

Lidar-derived Digital Surface Models (DSMs) are commonly used either directly or as a 
normalized model, also called Ca-nopy Height Model (CHM), for extracting relevant for-
est information.
The standard way to generate a LiDAR derived-DSM is to construct a Delaunay TIN us-
ing only the first returns that usually correspond to the echoes reflected from the up-
permost vegetation layer and then rasterizing the TIN onto a grid with user-defined pixel 
size (Khosravipour et al., 2014).
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Fig.5 The pit-free DSMs versus standard DSMs on high- and low-density LiDAR data.

Fig.4 The generated spike-free TIN and pit-free DSM using all LiDAR returns for an individual tree.

Results and Conclusion

The result demonstrates that our algorithm is able to efficiently remove all irregulari-
ties in the canopy surface from high- and low-density LiDAR data sets. The algorithm 
successfully removed all pits – small dark squares – by constraining the spike-free TIN 
construction process to assure that only LiDAR returns that are nearby when hitting the 
canopy at various levels are connected in the final DSM.

Fig.3 Constructing a spike-free TIN for an individual tree.

After each batch insertion, the algorithm “freezes” all those small triangles whose three 
edges are shorter (in the x/y plane) than the freeze constraint. When inserting the next 
lower batch, all LiDAR points falling into “frozen triangles” are simply ignored. The re-
sults is a “spike-free” TIN that can either be used directly or be rasterized into a “pit-
free” raster DSM. A prototype of this algorithm has been implemented and is available 
as an integral part of the LiDAR processing modules of LAStools software.

Fig.2 This illustration shows how connecting all first returns result in spikes and missing detail.

Description of the Spike-Free algorithm

Our algorithms considers all of the returns instead of using only the first LiDAR returns 
for constructing the TIN to assure that all relevant LiDAR returns (e.g. also second and 
third returns) can contribute to capture details of the canopy structure in the final DSM.

The algorithm incrementally constructs the TIN and avoids the creation of downward 
spikes in the first place. This is achieved by “freezing” higher triangles whose three edg-
es are shorter in the x-y plane than user-specified threshold, called the freeze constraint. 
The core idea is to give preference to connect LiDAR returns into TIN triangles that are 
nearby not only in x and y values, but also in z. For this, our algorithm iteratively inserts 
LiDAR points in batches of elevation intervals, for example, 1 m, into a constrained De-
launay triangulation starting with the highest elevations.

Fig.1 The generated Delaunay TIN and raster of DSM using all first returns only for an individual tree. 

However, The problems of using all first returns for constructing the Delaunay TIN is that 
whenever there are points with similar x and y coordinates but very different z elevations 
they will form needle-shaped triangles that appear as spikes in the TIN (Khosravipour et 
al., 2013). These spikes create extreme irregularities in the canopy surface elevation that 
geometrically distort the structure of the raster DSM.


