
Parameter Estimation

The most important parameter in the processing chain is the size of the local 
neighborhood, i.e., the area to be filtered. Since the point density varies 
significantly throughout the scan this parameter has to be chosen individually 
for each point. The number of neighbors to be considered (k) is dependent on 
the range (r), the angle of incidence (á) and zenith angle (è). We propose the 
following formula to determine k:

The coefficients a can be estimated by observing the sequence of the ratios of i 

the smallest to the largest eigenvalue for increasing k. The point where this 
sequence crosses a suitable threshold can be used as an estimate for k. 

k = a  cos(á) / (r  sin(è)) + a0 1

Range dependency of the neighborhood k:
The plot shows estimated k and their variance 
for a number of ranges. Angle of incidence 
and vertical angle are constant. 

Estimation of neighborhood k: 
The plot shows the ratio of the smallest to 
the largest eigenvalue for increasing k. 

Comparison of our preprocessing 
algorithm with commercial software 
(FaroScene and Geomagic Studio). 
Shown are color coded differences 
between the original point cloud and the 
final triangulated model. 

Left:  Detail of a pillar with mostly flat 
faces. Our algorithm reproduces edges 
more faithfully. 

Below: Detail of the stove shown 
above. The top row shows the models, 
the bottom row the differences. The first 
model (a, b) has small differences, but 
also a very rough surface. The second 
model (c, d) is smooth, but has large 
deformations. The model processed 
with our method has the smallest 
differences and the smoothest surface.

Illustration of the thinning process. 
The scanner‘s high resolution allows 
oversampling, i.e., the areas successively 
illuminated by the laser beam overlap 
(left). For the thinning we use points with 
overlapping laser footprints to estimate 
the univariate density along an axis 
defined by the normal vector (right). We 
use the mode of this distribution as the 
location of the new point.

The Processing Chain
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Classification   Feature rich areas are separated from flat 
areas. We use surface variation - computed from the 
eigenvalues of the points‘ covariance matrix - to estimate 
surface roughness.

 Normal Vector Estimation   The surface normal vectors are 
estimated by determining a robust covariance matrix using the 
Fast Minimum Covariance Determinant Algorithm. Robust 
estimation prevents smoothing over edges and aids outlier 
detection. 

 Thinning   The classification result and the surface normal 
vectors determine the amount and the direction of the thinning 
process respectively.

 Smoothing   The remaining points are projected onto locally 
estimated tangential planes.

Goal

The latest generation of phase shift 
terrestrial laser scanners features an 
unprecedented scanning speed and 
improved accuracy thus making it 
possible to capture surface detail 
with a resolution of up to one 
millimeter. The 360° field of view and 
the range of up to 70 meters allows to 
capture objects several meters in 
size with very few individual scans. 
The enormous amount of data thus generated must be reduced 
before it can be used to generate models. We propose a 
preprocessing chain which aims at reducing point density and 
measurement noise considerably while preserving richness in 
detail as best as possible. It is designed to be applied 
automatically to all scans of a project with a single set of 
parameters and still produce consistent results throughout - a 
major advantage over commercial software. 
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