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LiDAR data processing: from points to the world
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1. Extracting elements with CloudCompare



1. Extracting elements

From different data
decompose your

pointcloud



1. Extracting elements

… to do so you use
the characteristics
of the pointcloud.
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𝑋𝑖, 𝑌𝑖 , 𝑍𝑖 , 𝐴𝑡𝑡𝑖



1. Extracting elements



1. Extracting elements

1. EDL shader (real time rendering)

2. Display the intensity return of the Lidar



1. Extracting elements

Intensity-based 
classification



1. Extracting elements

Or cut “manually”



1. Extracting elements

… when you are happy with your classification,
then you can eliminate the outliers:



1. Extracting elements

Other option:

Classification
Based on the

Number of returns



1. Extracting elements

Eliminate the first return on top of the trees:



1. Extracting elements

But it is not perfect yet, we still have a lot of remaining noise.

+ some
Manual 
cleaning
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2. Extracting elements with LidR



2. Extracting elements with LidR

In R-Studio:

library(lidR)
las <- readLAS("points.las")



2. Extracting elements with LidR

… you can do by coding, what we just did with the GUI:

las <- readLAS("file.las", filter = "-keep_first") # Read only first returns

> plot(las)



2. Extracting elements with LidR

las <- readLAS("points.las") 
las <- classify_ground(las, algorithm = pmf(ws = 5, th = 3)) 
Original dataset already contains 277737 ground points. These 
points were reclassified as 'unclassified' before performing a 
new ground classification. 
plot(las, color = "Classification", size = 3, bg = "white") 



2. Extracting elements with LidR

 filtered_points <- subset(las, las$Classification == 2) 
 plot(filtered_points) 
 plot(las) 
 filtered_points <- subset(las, las$Classification == 1) 
 plot(filtered_points)



2. Extracting elements with LidR



2. Extracting elements with LidR

las2 <- classify_ground(las2, algorithm = csf())



2. Extracting elements with LidR

gnd <- filter_ground(las2) 
plot(gnd, size = 3, bg = "white")



2. Extracting elements with LidR

dem <- rasterize_terrain(gnd, res = 1, algorithm = tin()) 
plot_dtm3d(dem, bg = "white")

writeLAS(gnd, "processed.las")



2. Extracting elements with LidR

1. Mesh Delauney 2.5
2. Point-sampling on Mesh
3. From Pt to DEM

… then you can also add population
for your DEM to assess the quality.
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3. Comparing pointclouds



Temporal evolution 
from HRT (High-

resolution 
Topography) PCL and 
DEMs differentiation
at Oso Landslide in 

USA (LiDAR from the 
USGS and the 

OpenTopography
community).
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∀𝑃𝑗 ∈ 𝐴: ℎ𝑝𝑖 − ∆ℎ 𝑑 𝑝𝑖 , 𝑝𝑗 , 𝑚 ≤ ℎ𝑝𝑗

∀𝑃𝑗 ∈ 𝐴: ℎ𝑝𝑖 − ∆ℎ 𝑑 𝑝𝑖 , 𝑝𝑗 , 𝑚𝑖 ≤ ℎ𝑝𝑗

Where, 𝑃𝑗 is a point in the dataset within the window excluding

the point being examined;

ℎ𝑝𝑖 and ℎ𝑝𝑗 are the heights of the i points in the window and

of the j point being examined,

m is the absolute value of the cone’s gradient, and the negative

value of m is the height of the cutoff plane,

while A is the set of points to be filtered out.

The cone filtering method

The adaptive-cone filtering method
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Figures after Mahphood and Arefi, 2020



2. Comparing pointclouds

Figures from:  D. Lague et al., 2013. ISPRS Journal of Photogrammetry and Remote Sensing 82, 10-26.



2. Comparing pointclouds

We will learn how to do this second part, during the afternoon 
workshop with Mr. Rikuto Daikai.



christophergomez@bear.kobe-u.ac.jp

Conclusion of Lecture 04

What you should know:

(a) Understand what the LiDAR data are made of
(b) Know how to manipulate them in CloudCompare and with LidR
(c) Know how to extract elements from the dataset
(d) Be able to transform your raw data from the LiDAR into a DEM and a DSM


