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SUMMARY

This report details an eraf-studies internship conducted at Topo-Aech, a French
company specializing in aerial data acquisition and analysis, from February 28 to August 26,
2022

With the goal ofstaying competitive in the face of new market requirements, the
company sought to develop its LIDAR component, but faced challenges with processing time,
data classification, model precision, and overall service quality

To address these issues, the prtojagolved an analysis of existing LIDAR point
processing methods, followed by a phase of compariebnclassification and data
exploitation tools. The end result aimed to implement and optimize a complete process of
collecting, classifying, and exploignLIDAR data.

With flight mission organization optimization being the first step, followed by
standardization and automation of LIDAR point cloud processing and classification, and
finally data exploitation to meet customer requirements. Through a compasatidy of
software and tools, choices were made based on specific criteria for each type of processing,
with a focus on finding the right sequence of routines for task automation in a macro.

. INTRODUCTION

In 2021, the company made a strategic investriteat LIDAR-equipped UAV with
the goal of improving data quality and expanding market share. However, after a few months
of working with LIDAR data and responding to market demands, the company faced
significant challenges with processing and classificdtiioe, accuracy of models generated
from processed data, and service quality.

To address these issues, and following discussions with the manager regarding
existing needs and challenges,-ménth final year project was undertaken to analyze existing
LIDAR point cloud processing methods. This was followed by a research and comparison
phase of classification and data exploitation tools, ultimately leading to the implementation
and optimization of a complete LIDAR data collection, classification, and eapwit
process.



. STATE OF THE ART
l. LIDAR

A LIDAR is an electronic component that belongs to the family of sensors. More
specifically, it belongs to the category of thokflight (ToF) sensors. A sensor collects data
on a physical parameter such as tempesathumidity, light, weight, distance, etc. The
acronym LIDAR stands for Light Detection and Ranging. It is a calculation method that
determines the distance between the sensor and the target obstacle. A LIDAR uses a laser
beam for detection, analysis amddking.

II. Physical phenomenon

The LIDAR system emits laser pulses that reflect off objects both on the ground
surface as well as above, such as vegetation, buildings, and Bridges

A transmitted laser pulse may return to tH®AR sensor as one or more uets.
Transmitted laser pulses that encounter several reflective surfaces on their path to the ground
are split into as many returns as there are reflective surfaces.

The first laser pulse returned is the most important return and is associated with the
highest feature in the landscape, such as a tree top or the top of a building. The first return
may also represent the ground. In this case, only one return is detected. liyAResystem.

Several returns are capable of detecting the heiglssveiral objects in the laser range
of an outgoing laser pulse. The intermediate returns, in general, are used for vegetation
structure, and the last return for bare earth DTM models.

The final return does not always come from an earthly return. For exaimglgine
that a pulse hits a thick branch on its way to the ground and the pulse does not reach the
ground in the end. In this case, the last return does not come from the ground, but from the
branch that reflected the entire laser pulse.
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Figure 1: Explanatory diagram on the echo phenomenon



How it works
In the field:
% Emission of a laser pulse
Y% Recording of the backscattered signal
Y% Distance measurement (travel time x speed of light)
% Retrieving the position and altitude of thiane
% Calculation of the precise echo position

In the office:
% Reconstruction ofIDAR points
% ldentification ofLIDAR points
% Creation of 3D models

LIDAR for drones is a perfect match for:
Y% Small areas (<10km?2 or 100 km linear)
% Soil mapping with denseegetation
Y% Inaccessible areas.
% Data needed frequently or in near real time
Y% High density (>150 pt./m?).
Y% Detection of small features in terms of surface or thickness
% Centimeter accuracy

lll. Comparaison between LIDAR and photogrammetry
LIDAR and Photogrammetry are fundamentally different data collection methods.

LIDAR is a direct measurement: you physically touch a feature with light and measure
the reflection. Drone photogrammetry uses images captured by a camera mounted on a drone
to reconstruct the terrain in an accurate 3D model using sufficient image overlap and ground
control.

With LIDAR, you end up with thousands of data points that form a 3D point cloud
describing the terrain in question. You'll need to incorporate color froaratepdata sets to
turn it into something visually accessible.

With Photogrammetry, you end up with hundreds or thousands of images that need to
be processed and stitched together to produce something valuable, whether it's a 3D point
cloud or a map. 10 IGud-based LIDAR processing is not as widespread or accessible as
photogrammetry software. Which means you'll need to have a specialist on site who can turn
that raw data into something usable

ChoosingLIDAR:
% Map difficult-to-access, complex, and overgrotverrain
% Capture detail on thin structures, such as power lines or roof edges
% Projects where detail and accuracy are priorities

Choosng photogrammetry
% Contextual analyses that are accessible and require minimgrpostsing and expertise
% Maps and models that are easy to understand for untrained eyes



% Data sets that require visual

II. GENERAL CONTEXT
. Problematic

How can we optimize the process of collagtiprocessing and exploiting LIDAR data
based on the comparison between the methods of organizing the flight mission through
classification to the exploitation of these data with a view to minimizing the execution time
while guaranteeing the maximum acacy?

II. Proposed Solution

In order to enhance and determine the optimal parameters for organizing the flight
mission for each study area, a comparative analysis will be conducted on various methods of
processing LIDAR points using the TerraScan Microstatgwitware. Furthermore, a
comprehensive process will be established to automate the processing of LIDAR point clouds
for each type of study area based on land usage.Materiels used

A. Matrice 300 RTK Drone

The Matrice300 RTK drone is the latest professional flying platform from DJI. With
55 minutes of flight time, advanced artificial intelligence capabilitiediréctional sensing
and positioning, and more, the DJI Matrice 300 RTK drone combinesplkeigbrmance
intelligence with unmatched reliability.

B. LIDAR sensor

The DJI Zenmuse L1 is a LIDAR with a higitecision IMU and a -Inch RGB
camera on a stabilized pod. Combined with the DJI Matrice 300 RTK and DJI Terra, the L1 is
a complete solution that will allow you tabtain reaitime 3D data, efficiently capturing the
details of complex structures and providing reconstructed models with the highest accuracy.

IV.  ORGANIZATION OF THE MISSION

The organization of the flight mission is a mandatory step in all projects off datda
collection, wheter doneby plane, drone or helicopteiThis step presents the technical
planning of the flight mission téo fulfill client requirements, estimate project costs, and
prepare logistics

In LIDAR projects, this step is considered pewtarly critical since it has a direct
impact on all subsequent phases of the process. As mentioned earlier, Topo Airtech employs
the DJI L1 Zenmuse sensor and the M300 UAYV in its operations.

DJI FLY is an application installed in the controller of therdr@and downloadable on
Android and 10S, it allows the users of the DJI drone to introduce the necessary parameters of
the mission and it calculates the period, the density and other information necessary for the
mission.

With this application the drone ivibe able to fly autonomously during the mission
respecting the flight lines, height and speed defined in the parameters.



This chapter will provide an overview of the various parameters for organizing the
flight mission, highlighting theignificance of each parameter, its impact on the data quality,
and suggestions for managing the parameters effect{zly;,. 2021)

I. Define and carve out the study area

The definition of the study area is caeied a crucial step in all surveying and
geomatics projects.

In the case of a flight mission over a large area, it is advisable to divide each area into
subareas corresponding to a flight time not exceeding 20 minutes (flight time with a pair of
batteres), keeping an overlap area of 40% between the last line of the first block and the first
line of the second block to ensure the continuity of point clouds between them.

Figure 2: Delimitation of theroject area with GolegEarth

II. Define the flight parameters

After cutting the area, DJI offers us an application integrated in the controller of the
drone called DJI PILOT, it allows us to enter the parameters of the mission (Height, Speed,
type of scan, frequency ...) andcilculates the necessary information such as trajectories,
time estimation, direction of flight lines, and density of points.

Based on this estimate, the field teams prepare the number of batteries, the necessary
material and the necessary logistic equipm@®Jl, 2021)

A. Point cloud density

This parameter will be modified automatically after all parameters are entered, it
depends on the flight height, scanning mode, frequency, speed and overlap area.

It is necesary to distinguish between the density of points and the quality of the
points, one can have a high density but with a poor quality of response. (The quality is the
percentage of points of the third echo compared to the total number of points).



Figure 3: Point density display
B. Terrain Follow & Select DSM File

Before the availability of this tool, geomatics and surveying companies avoided using
the drone in mountainous areas because, on the one hand, the resardidess oblige us
not to exceed a certain flight height in each area and, on the other hand, we work in areas that
contain differences in height that exceed three times or more the height mentioned in the
codes of use of the airborne drone.

For these resons, the acquisition of data with the drone was almost impossible. This
tool is an innovation of DJI because it allows the drone to fly with adefihed height from
the ground even with the change of altitude of the ter(@ifl, 2021)

Figure 4: the Follow field mode activation
C. Speed (m/s)

The speed of flight is the parameter that determines the speed of the drone in flight, if
we increase the speed of flight, the duration of the mission decreases, the density of the points
decreases and also the quality of the data will be bad becaustheviticrease of the speed
the percentage of the points of the last response decreases.

The points of the last echoes have more chance to be ground points, for this reason it is
necessary not to exceed 6 m per sec@@ampanyn.d.)

Figure 5: Setting the speed of the drone



