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Abstract 
Information on the shape and relief of the Earth’s surface is essential for improving land 
management practices that promote more sustainable development. Such a need for 
information is even greater in regions with rough topography and a high percentage of 
woodland cover. In the last few years, Airborne Laser Scanning (ALS) technology has 
demonstrated that laser altimetry is a reliable technology for determining accurate Digital 
Terrain Models (DTM). This paper presents a method for filtering LiDAR data based on 
mathematical morphology that is capable of using point cloud data from both the first and last 
return to discriminate terrain points and to segment the objects in forested areas into low and 
high vegetation. A pilot project was conducted in a mountainous area of 4 km2 covered by 
Eucalyptus globulus plantations. In the study area, 4 zones were differentiated according to 
land use in order to allow for better presentation and interpretation of results. To validate the 
results, more than 40 control plots were distributed over the study area. In general, the results 
obtained in the study were better than expected, considering the hilly nature of the study area, 
often covered by dense shrub layers. RMSE values in the range 0.12 m – 0.27 m were obtained 
for the different zones studied, which reveals the suitability of the method for this type of data 
and this area. The inclusion of the first and last returns enabled an average increase of 27% in 
the number of terrain points, and guaranteed a final point density of 2 points/m2 before 
interpolation. 

Keywords: airborne laser scanning, filtering, DTM, segmentation 

1 Introduction 
There is a growing need for accurate information on the shape of the terrain, particularly in 
wooded areas. Until recently, large inaccuracies have been observed in the Digital Terrain 
Model (DTM) estimation of wooded areas. Now, the availability of highly accurate DTMs of 
any type of soil is a great benefit to different public and private companies and institutions, 
particularly in steep, forested areas. 

In the last few years, some of the weaknesses of photogrammetry have been overcome by 
using airborne LiDAR (Light Detection And Ranging) (Baltsavias, 1999a), which proves that 
laser altimetry is now a mature technology for the determination of accurate DTMs. The term 
airborne LiDAR or Airborne Laser Scanning (ALS) refers to an airborne laser system 
consisting of a laser scanner, a geodetic-quality GPS receiver and an inertial measurement unit 
(IMU), which provide data about the scan angle and the aircraft coordinates and attitude (Wehr 
and Lohr, 1999). Based on this data and on the distances measured, point coordinates are 
calculated (Baltsavias, 1999b) and stored in digital format in the onboard computer. 
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In addition to providing highly accurate and dense terrain models in record time, airborne 
LiDAR is useful for estimating stand volume in forested areas. The laser beam can penetrate 
forest canopy and determine tree height, a forest parameter obtained from remote sensors that 
is most representative of stand volume.  

The accuracy of a DTM derived from LiDAR data is dependent on factors related to sensor 
calibration, flight parameters (Pfeifer et al., 2005; Hyyppa et al., 2005) and post-processing 
operations, namely discrimination and classification of LiDAR data.  

The output of a flight is an irregular cloud of 2.5D points (X,Y,Z) that describes the shape of 
the terrain at a given moment. In the point cloud obtained, ground points and object points are 
mixed. This study focuses on the analysis and development of data filtering methods, a 
preliminary step to the development of different studies using LiDAR data, among which 
DTM generation. 

Most of the filtering algorithms developed until now have used local neighbourhood 
operations on points/pixels for classifying data into at least two levels, ground and nonground 
(Sithole and Vosselman, 2004; Hyyppa et al., 2004). The main distinction between the 
different approaches lies in the strategy used to estimate planimetric and height differences 
between ground and nonground points, such that a discriminant factor can be assigned.  

Some authors have used a discriminant function based on an initial approximation of the 
surface (Kraus and Pfeifer, 1998), other approaches selected some ground points and generated 
a surface from those points (Axelsson, 2000), Some methods grouped points into classes or 
segments according to a grouping criterion in order to obtain more information (Akel et al., 
2003) and finally, other authors focused on combining mathematical morphology operations 
for comparing height differences Kilian et al. (1996). 

An empirical comparison of some of these filters (Sithole, 2005) has proved that low 
vegetation on steep slopes is still a problem for DTM extraction in forested areas.  In this 
sense, several factors must be considered in the assessment and selection of a suitable 
approach: flexibility of adaptation of the filter to terrain features, establishment of the 
parameters required –which may be difficult to estimate or may be dependent on other data 
sources– and processing time, a key factor in quality.  

A general literature review reveals the potential of morphological filters in terms of flexibility 
of adaptation to different forest or urban terrain features and of the capacity to filter data in a 
single process, without requiring many parameters and/or previous information about the 
terrain. These filters do not follow ergodic properties that may require long computing times. 
Yet, the use of mathematical morphology operators is dependent on the use of windows or 
masks of different sizes that move over point data in order to control the effects of 
morphological operations. Zhang et al. (2003) developed an iterative method that gradually 
increased the size of the mask, which allowed for the removal of objects of different sizes, thus 
improving some of the drawbacks of other morphological filters.  

However, the performance of these filters in extreme slope conditions and with high 
percentages of low vegetation (shrub) demands a new approach to the evolution of the mask 
size and to the trigger value in order to obtain a more flexible filter that adapts better to the 
characteristics of forested areas. Additionally, vegetation segmentation allows for more 
accurate estimations of stand volume and for the estimation of the presence of shrub in an area, 
which has important effects on forest fire prevention. Forest fires are increasingly affecting 
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many countries, such as Spain or Portugal, due to a radical and irreversible change in the use 
or exploitation of forest resources. 

The present study aims to develop a method for automatic classification of LiDAR data that 
enables DTM extraction and vegetation segmentation. The study area is characterized by the 
presence of populated areas, barren areas and forested areas dominated by Eucalyptus 
globulus. Forested areas have two characteristics in common: adverse topography and 
abundant low vegetation (shrub). To achieve our general objective, a filtering algorithm based 
on mathematical morphology has been developed, which shows some peculiarities: i) both the 
first and last return are used to obtain terrain points, and ii) a segmentation operation capable 
of distinguishing between low and high vegetation within the forested area is performed. In 
addition, with a view to demonstrating the versatility of this type of filtering techniques, 
LiDAR point data from built-up areas have been classified as terrain and non-terrain points.  

2 Study area 
The study area is located in Vilapena, in the Council area of Trabada, northern Galicia, Spain. 
This locality is included in one of the seven Geoforestry Regions established by the Galician 
Forestry Plan, particularly in Geoforestry Region 1, Northern Coast. This area is characterized 
by a wide variety of landforms and an elevation range of 50 to 770 m. The dominant species in 
the area is Eucalyptus globulus (EU), with the highest level of timber production per hectare in 
Europe (PFG, 1992).  

In order to frame our pilot project within Vilapena, a study site of approximately 4 km2 was 
defined as a 1x4 km rectangle according to the following UTM coordinates for the site 
boundaries: (644800;4806600) and (645800;4810600). 

For better presentation and interpretation of results, several zones were differentiated within 
the study area based on land use. To validate the results, more than 40 control plots (Table 1) 
were distributed over the study area. 

As shown in Table 1, the total study area does not reach 4 km2 because 118.67 ha are occupied 
by forest species different from eucalyptus. These species have not been surveyed because 
such a survey is beyond the scope of our study. 

Table 1 Surface area of the different zones considered in the study. 

Name of zone Description Area (ha) Control plots 
Z.1 Non-wooded 152.10 1, 2, 11, 43 
Z.2 Wooded (EU: CC<60%) 44.11 3, 7, 9, 13, 15, 16, 20, 21, 25, 27, 31, 36, 

37, 38, 39, 40, 41. 

Z.3 Wooded (EU: CC>60%) 80.61 4, 5, 6, 8, 10, 12, 14, 17, 18, 19, 22, 23, 
24, 26, 28, 29, 30, 32, 33, 34, 35, 42. 

Z.4 Buildings 4.51 Z4.1, Z4.2 

Total 94 281.33 45 
 

A brief description of the analyzed areas is provided below:  
• Zone 1. This zone comprises agricultural and non-wooded land. Consequently, a 

high diversity of shrub types is present over an area of 152.10 ha. 
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• Zone 2. This zone covers an area of 44.11 ha and is occupied by pure stands of 
Eucalyptus globulus with canopy cover <60%. In this zone, 17 control plots have 
been laid out, trying to represent the different slope and shrub types.  

• Zone 3. This zone comprises 80.61 ha of Eucalyptus globulus forests with the 
highest level of canopy cover, >60%. An assessment of whether forested areas with 
dense tree cover show higher resistance to laser penetration is particularly important. 
In this sense, Zone 3 is most relevant to the study because it presents all types of 
slopes and shrub, and because the extreme slope and shrub conditions observed in 
some cases would make traditional survey impracticable.  

• Zone 4. This zone is composed of the two populated areas present in the study area, 
which are occupied by a group of detached houses. Zone 4 covers an area of 4.51 ha 
and is dominated by buildings and artificial surfaces. Figure 2 shows and example of 
a populated area in Zone 4. 

The area contained in the red rectangle in Figure 1 (control area) and the figure 2 has been 
selected for representing the results visually. 

3 Matherials and Methods 

3.1 LiDAR data collection 
LiDAR data was collected on November 2004, using an Optech ALTM 2033 sensor (S/N 01 
D126), with a pulse rate of 33 Khz., a scan angle between 0º and ±10°, and a flight altitude of 
1500 m. 

The swath width covered in a single pass increases with the increase in flight altitude, which 
significantly affects data acquisition costs. The costs of LiDAR data acquisition become a 
relevant issue when using this technology for large areas. On the other hand, the penetration 
rate of the laser beam decreases with the increase in flight altitude, which may affect the final 
accuracy of the model. In this research, measurements were taken at a height of 1500 m above 
sea level, which allowed testing the penetration of the laser. An initial point density of 4 points 
per m2 was guaranteed. 

3.2 Filed survey data for data model validation 
A field survey was conducted in order to determine the accuracy of both the sensor and the 
method developed, and a detail methodology was designed for field validation of the results.  

First, a densified geodetic network was developed using a dual frequency Trimble 5700 GPS 
receiver, which guaranteed the precision required for this study. More than 60 bases were 
observed with the GPS in this wooded area. Based on these observations, multiple traverses 
were run with a Trimble 5603 Total Station for obtaining the xyz coordinates of the 43 field 
plots considered, which yielded a total of 2207 control points for validation of the results. The 
control points were distributed over the four zones as follows: 96 points in Z.1, 723 points in 
Z.2, 1054 points in Z.3 and 334 points in Z.4. 

The 15x15 m validation plots were laid out using stratified and semi-purposive sampling to 
guarantee the representativity of the different types of tree canopies, shrub and slopes. All the 
characteristic elements that were considered relevant for validation were surveyed and 
inventoried in every plot. Such elements included the relief, the location of trees (if any), the 
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floristic inventory of the plot, and the description of the shrub present in the plot, which might 
affect the interpretation of results. 

3.3 Filtering data 
Based on the filtering approaches studied, an adaptive morphological filter was implemented 
in C language for automatically discriminating LiDAR terrain points from objects located on 
the terrain in this rural area. In forested areas, data were classified into three levels: terrain, low 
vegetation and high vegetation. 

3.3.1 Filtering and segmentation approach 
Combining erosion and dilation operations (Haralick and Shapiro, 1992) with the gradual 
increase in mask size (Zhang et al., 2003) enables controlling the size of the objects that must 
be removed and, consequently, the maximum allowed height difference (trigger) that is most 
appropriate for preserving the real characteristics of the terrain. The evolution of the mask size 
must be of two types, linear and exponential. Because the difference in mask size between two 
consecutive iterations is much smaller for a linear evolution than for an exponential evolution, 
exponential masks may sometimes consider as part of the terrain objects that are not part of the 
terrain (named “false positives”). Imagine an object that is slightly larger than a given mask. 
Due to the effect of opening operations (an erosion followed by a dilation), the object will not 
be removed using that mask size, but using the mask size of the following iteration. Because 
the increases in size are large, an object may be confused with a terrain feature.  

A mask that evolves linearly solves this problem but needs more time to achieve the same final 
mask size. A mask that evolves exponentially is better suited for urban areas, where much 
larger objects occur (buildings, bridges, etc.). In forested areas, most of the objects that must 
be removed are trees or other vegetation that do not require such large mask sizes.  

Although vegetation may cover a wide area (for example, the crowns of some trees), such an 
object is not identified as a “compact unit” by LiDAR points. Because many of the points 
penetrate vegetation, that “large object” is interpreted as a set of smaller objects for post-
processing. In many cases, the largest and most compact objects that need to be removed are 
the largest trees, whose size is much smaller than the size of a building.  

Therefore, there is a need for smaller masks, that must increase linearly in this type of terrain.  
In addition, using the linear evolution proposed by Zhang et al. (2003) we have verified that, 
from the second iteration (k) on, the result of the trigger (Trig) depends on constant values. 
With a constant trigger, terrain features are treated in the same manner. Thus, for a constant 
slope the trigger must increase linearly with mask size (Mask): 

Maskk = Maskk-1 * 2 (1) 

Trigk = Maskk-1 * Sk  (2) 

Now think of high slope (S) values. Although a part of the terrain may show a very high slope 
value, such a high value would be less probable if the surface area considered was larger. 
Thus, the value of the slope must decrease with the increase in mask size: 

Sk=Sk-1 * f (3) 
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where f is a slope reduction factor or parameter. For example, by applying a reduction factor of 
0.9 to an initial slope of 30%, a slope of 27% would be obtained in the following iteration. The 
slope reduction factor can be applied at each iteration.  

Because the size of the objects that need to be removed in rural areas is smaller, and using 
large masks is not necessary, the effects of opening operations are smoothed. Opening 
operations tend to produce a surface model lower than the real surface. Using relatively small 
mask sizes allow us to generate a surface model that comes close to the real surface, and to 
segment the lowest objects from the highest objects, based on height differences (for example, 
segmenting shrub from trees). The general performance of the algorithm consists of three 
stages, as explained below: 
a) Input data 

At this stage, LiDAR data are loaded together with the parameters required for optimizing the 
performance of the filter in the study area. The parameters that are described below are 
essential because different objects will be removed from the model depending on the values 
assigned to these parameters:  

• Mask0: Initial mask size. The value of this parameter is calculated by default based 
on point density/m2. The minimum allowed size for a mask is 1 m in diameter, only 
for point densities/m2 equal to or above 3 points/m2. 

• Trig0: Initial trigger size. This value is acceptable up to a given mask size in order to 
avoid removing terrain points (named “false negatives”). The value of this parameter 
must increase or decrease according to the density of low vegetation. 

• S0: Initial slope. This parameter is important for calculating the trigger and must be 
based on an approximation of the mean slope of the terrain. 

• f: Slope reduction factor. Factor or percentage of decrease in slope with the increase 
in mask size. 

• Maskmax: Maximum mask size, which must be equal to the size of the largest object 
that needs to be removed. This parameter defines the maximum mask size and 
consequently determines the number of iterations of the filter. 

• Trigmax: Maximum allowed height difference. The estimated height of the largest 
building is the maximum allowed trigger.   

• Maskhv: Mask size required for vegetation segmentation. If the value for this 
parameter is zero or null, segmentation does not occur.  

• Trighv: Trigger or maximum height difference used for vegetation segmentation. 
• Brd:  Maximum mask threshold for applying a trigger value of Trig0 (Equation 5). 

b) Discriminant function 

At this stage, LiDAR data are classified or segmented into the three levels mentioned: terrain, 
low vegetation and high vegetation, based on morphological operations of opening.  If  Maskhv 
has zero or null value, segmentation of objects will not occur (which is the process followed 
for built-up areas): 
b.1) Terrain classification: Based on a 2D mask of diameter Maskk (Equation 1; Mask0 is the 
diameter for the first iteration), a morphological operation of opening is applied to an irregular 
LiDAR point cloud, and the difference between the result of the opening operation is 
estimated. Points will be considered as non-terrain if the difference obtained is higher than 
Trigk (Equation 2), which is iteratively recomputed as a function of mask size and slope 
(Equations 3). Only the points that have not been classified as “non-terrain” will be taken into 
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consideration at each iteration of the discrimination process. The evolution of the trigger is 
performed as follows: 
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b.2) High vegetation classification: High vegetation classification occurs within the 
segmentation stage. If activated, the process starts automatically during an iteration of terrain 
classification if mask size is higher than or equal to Maskhv: 

b.2.1. If (Maskk = Maskhv), the classification is performed at the end of the 
iteration, along with the opening operation. The difference between the result of the 
morphological operation and the initial irregular LiDAR point cloud is computed. All 
the points that have not been considered as terrain points in the discrimination 
process are considered here and are classified as high vegetation when the difference 
is higher than Trighv. 
b.2.2. If (Maskk > Maskhv), the classification is performed using a mask of 
diameter Maskhv, and Maskk remains unaltered until the following iteration. For the 
rest of the operation, step b.2.1 is repeated.  

 
b.3) Low vegetation classification: low vegetation is classified at the end of the segmentation 
stage by default.  

The process ends when Maskk  equals Maskmax.  

c) Output results 

The output of the process is a classification of LiDAR data into two types (terrain and objects) 
when filtering is applied to a built-up area, or into three types (terrain, low vegetation and high 
vegetation) when filtering is applied to forested areas. 

3.3.2 First and last return fusion 
In most of the methods reviewed, the filtering process was performed using exclusively the last 
return (LR) which includes the highest percentage of lowest points in half the information, thus 
reducing processing time. However, by eliminating the first return (FR) from the data filtering 
process for DTM extraction in wooded areas, a high percentage of points that correspond to 
tree crowns are removed. Moreover, the density of the original dataset is decreased and points 
that potentially belong to the terrain are removed from the model, which suggests an apriori 
decrease in the accuracy of the DTM derived from the original dataset (Kraus et al., 2004). To 
avoid reducing DTM accuracy, the first and the last return were used jointly in the filtering 
process, which doubled average point density from 4 points/m2 to 8 points/m2 and favoured 
performing vegetation segmentation in a single process.  

3.3.3 Test datasets 
The morphological adaptive filter developed was applied to the 4 zones defined above (see 
Table 1) with a view to analyzing the performance of the filter under different terrain 
conditions. The different slopes, the density of low vegetation or the types of objects that need 
to be removed called for the use of different parameter values in the zone occupied by 
buildings (Z.4). Table 2 shows the values applied to each zone. 
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Table 2 Parameters in meters for the filter. 

Parameters Z. 1, 2 and 3 Z. 4 
Mask0 2 3 
Trig0 0.20 0.30 
S0 0.3 0.2 
f 0.9 0.9 
Maskmax 8 22 
Trigmax - 2 
Maskhv 7 not segmented 
Trighv 3 - 
Brd 4 3 

 

For zones 1, 2 and 3, the value of the mask and of the initial trigger were lower because of the 
dominance of areas with high shrub density, 100% in some cases. Because the size of the 
objects that needed to be removed in these zones was smaller, the segmentation process was 
performed in three iterations. For the built-up zone, the initial trigger could be higher because 
the slope in these zones was more moderate and constant. Nevertheless, five iterations were 
required for reaching the size of the largest object. 

4 Results and discussion 
The results obtained for the different zones included in the study area are presented in this 
section (Table 2). Point density/m2 was monitored before and after filtering in order to analyze 
the benefits of point density on the final DTM accuracy considering the contribution of the 
first return data. Then, the DTM was derived from the points considered as terrain using 
kriging, and the height differences between the DTM and the control points surveyed by 
traditional topographic techniques were compared. 

Figure 1 visualizes the application of the filtering method in a forested area (a) and a populated 
area (b). Because more than 70% of the surface area was covered by shrub, the filtering 
parameters were established to suit this problem (Table 2). In this sense, two situations are 
expected: i) occurrence of some false negatives and ii) misclassification as low vegetation of 
soil roughness or of very low vegetation (< 40 cm), such as shrub or herbaceous vegetation. 
Such an output could have relevant consequences for the first situation if the final point 
density/m2 was very low. The consequences of the second situation could be important if a 
model of shrub height had to be generated for studying, for example, fuel models for forest fire 
risk assessment. However, these results can be modelled by moderately increasing 

0Trig  and 
decreasing Brd in order to reduce the effects of the slope. 
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Figure 1 Results of the adaptive morphological filter in a) zones 1, 2 and 3; b) zone 4. 

Not introducing any interpolation technique in the filtering process is considered beneficial 
because it allows for the application of a more suitable approximation to the results obtained. 
In addition, including the first and last returns allows us to obtain a DTM with higher spatial 
resolution. The results shown in Table 3 confirm an increase in final point density of 27% for 
DTM extraction. On average, a final point density of 2 points/m2 was obtained as compared to 
1 point/m2, which would correspond to the final point density obtained if only the last return 
was used.  

Table 3 shows the quantitative results for each zone, as obtained from the means estimated in 
the validation performed in the control plots of each zone (Table 1), and the root mean square 
errors (RMSE) obtained from the height differences between the DTM derived from laser data 
and the topographic data derived from field surveys. 

Table 3 Overall results (mean values). 

Variables/zones Zone 1 
Non-wooded 

Zone 2 
CC < 60% 

Zone 3 
CC > 60% 

Zone 4 
Buildings 

Maximum slope 45% 62% 53% 15% 

Mean vegetation cover 16% 60% 45% - 

Mean shrub height 0.35 0.67 0.61 - 

Points/m² before filtering 8 7.6 7.8 7.8 

Points considered as terrain 30% 22% 21% 72% 

Points considered as terrain from FR 30% 27% 24% 32% 

Points/m² after filtering LR data 1.6 1.1 1.2 3.2 

Points/m² after filtering LR and FR data 2.5 1.6 1.7 5.7 

Mean error 0.08 0.25 0.20 0.12 

RMSE 0.12 0.27 0.22 0.14 
 

The results of DTM extraction (Figures 2) from LiDAR data were satisfactory, as revealed by 
the RMSE obtained. These results suggest, first, that LiDAR technology is a reliable tool for 
accurately describing the terrain and, second, that both of the methods used in this study are 
appropriate for this type of data and this area. 
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Figure 2 Shaded relief maps of: a) First and last return in a forested area; b) DTM filtered of the zone. The 

grids were generated using kriging interpolation with a 0.5-m cell size and a search radius of 110 m. 

The evolution proposed for the mask size and the trigger is suitable for the study area, 
particularly considering the dominance of forest species and the presence of populated areas. 
The use of a mask with linear features that evolves progressively allows for a slow increase in 
the window size in the first iterations, which is further accelerated for rapidly achieving the 
size of the largest objects. The slow increase in the first iterations enables removing the 
smallest objects.  

According to the initial parameters, this evolution of the mask size allows us to filter different 
objects according to the characteristics of the area. In regard to the trigger, this approach does 
not depend on constant values, but on variables that are recomputed at each iteration according 
to the surface and the slope of the terrain.  

As compared to other approaches (Zhang et al., 2003), the method proposed uses fewer 
iterations and includes a segmentation technique within the model, which substantially 
enhances the potential of the results (Figure 5a). The effectiveness of the result depends on the 
mask size when generating a general approximation of the terrain, and on the trigger, which 
must be calibrated according to the size of tree vegetation. 

A more detailed analysis of each plot studied reveals that there is not a direct correlation 
between the error and the slope or the type/height of shrub vegetation. However, a gradual 
influence of these factors is observed when a high percentage of ground is covered by shrub 
(Table 3).  In addition, by comparing the height accuracy of LiDAR points –tested using the 
coordinates measured by the total station– in wooded areas with 100% shrub cover, it was 
verified that airborne laser showed difficulties for penetrating to the ground for a flight altitude 
of 1500 m. 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

 179

5 Conclusions 
This paper presents a method for LiDAR data filtering based on mathematical morphology that 
uses the original data from the first and last returns for discriminating terrain points and 
segmenting the objects in forested areas into low and high vegetation. This method proposes a 
new evolution of the mask size and the trigger for data classification, and a segmentation 
process for removing high vegetation (tree) points that is based on an approximation of the 
terrain. The following specific conclusions can be drawn from the results obtained in this 
study: 

• The use of the first and the last returns allowed for an increase of 27% in the density 
of terrain points, which translates into a DTM generated from a point density of 2 
points/m². 

• The estimation of the parameters required for the correct performance of the method 
does not require the availability of exact terrain data, i.e., comprehensive information 
on the relief is not needed. Therefore, the most appropriate values for each zone can 
be quickly estimated.  

• The evolution proposed for the mask size and trigger value showed more suitable 
than the evolution proposed in other approaches for similar areas.  

• The method developed in this study reduces the number of iterations required and 
includes a segmentation method that enhances the potential of the results. 

• For the study area and the flight parameters considered, DTM accuracy shows some 
dependence on shrub density when density exceeds 70%.   

• In areas with 100% shrub cover, airborne laser shows some difficulties for 
penetrating to the ground for a flight elevation of 1500 m. 

Considering the main findings of this study, it can be stated that a method for LiDAR data 
post-processing has been developed that allows for automatic and rapid extraction of a DTM 
of high resolution and accuracy. The automation and computational efficiency of the method 
make massive implementation feasible in areas of steep terrain with any type of land use. 
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