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Christopher Gomez

christophergomez@bear.kobe-u.ac.jp



1. Extracting elements with CloudCompare
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Vegetation extracted from the return-intensity Intensity map after removal of remaining points

DEM with unclassified points remaining

Meander of the Missouri River from Lidar
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1. EDL shader (real time rendering)

State/Value
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2. Display the intensity return of the Lidar
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Or cut “manually”
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Number of points to use for 6
mean distance estimation

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

standard deviation 110
multiplier threshold (nSigma) —

(max distance = average distance + nSigma * std dev.)
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Eliminate the first return on top of the trees:
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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
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las Large LAS ( 70.6 MB)
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{
[
= print(las)
class : LAS (v1.2 format 1)
Files  Plos| MEMOTrY : 57.2 Mb
¥ Folde extent : 6461706, 6463168, 2509345, 2510052 (xmin, xmax, ymin, yma
X)
coord. ref. : NAD83 / California zone 5 (ftus)
| area : 0.99 kus-ft2
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library(lidR)
las <- readLAS("points.las")
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las <- readLAS("file.las", filter = "-keep_first") # Read only first returns

> library(lid
1idR 4.0.4 us
n <github. con
> library(lid
> las <-readL
> print(las)

B | class
memory

2 extent

> plot(las) X)

3 coord. ref.
area
points

$ density
density

5 > plot(las)
>
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Open the point cloud

7 Compare and remove ™\

~~ Open the point cloud ™\

~ Compare and remove ™
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Ground points after
the first iteration

Ground points after
the second iteration

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 = "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)
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Original point cloud Inverting the original cloud

Initiating cloth grid

Displacement by gravity

old position

Intersection check

movable particle
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las2 <- classify_ground(las?2,

algorithm =

cstf())
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gnd <- filter_ground(las2)
plot(gnd, size = 3, bg = "white")
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dem <- rasterize_terrain(gnd, res =1, algorithm = tin(Q))
plot_dtm3d(dem, bg = "white")

writeLAS(gnd, "processed.las")
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Grid processed — Cloud.mesh.sampled (1,000,021 points — 504,158 non—empty cells)
step 1.000000 : Edit grid
size 1169 x 501 (585,669 cells)
active layer Height grid values
range 951875 [7761 81 ; 76857.09]
1. Mesh Delauney 2.5 Projection

direction z

3. From Pt to DEM

interpolate SFs) average value

(] resample input cloud

Empty cells

TR

2. Point-sampling on Mesh
Fill with leave empty v

Empty cell value

... then you can also add population
for your DEM to assess the quality.

Update grid

Export Contour plot Hillshade Vol >

Cloud Mesh
Expart per—cell statistics as SF(s):

(] population (] min height

() average height [) max height

[ ) height std. dev. [ ] height range

Raster Image Matrix 330

a OK Cancel

2. Extracting elements with LidR




3. Comparing pointclouds
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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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The cone filtering method

The adaptive-cone filtering method
VP; € A: hp; — Ah(d(pi,pj),mi) < hp;

Where, P; is a point in the dataset within the window excluding
the point being examined;

hp; and hp; 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.

Figures after Mahphood and Arefi, 2020
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B: Closest point with

- : C : Point to mesh distance Lo,y
local height function Loyc ye

A: Closest point distance L¢;c
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a |Principle of the Multiscale Model to Model Cloud Comparison M3C2 b | M3C2 on complex topography
Step 1 : Calculation of normal N Step 2 : Average distance between the two *\ Normal at scale D, affected by roughness .L.
at a scale D around the core point i. clouds measured at a scale d along N \ Normal at scale D, not affected by roughness D;
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Missing data =
no distance calculation

Average positions =
of the point clouds YN

Overestimation of distance due to
normal misorientation at scale D1

Figures from: D. Lague et al., 2013. ISPRS Journal of Photogrammetry and Remote Sensing 82, 10-26.
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We will learn how to do this second part, during the afternoon
workshop with Mr. Rikuto Daikai.
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Conclusion of Lecture 04

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
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