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The industrial task of monitoring and measuring stockpile volumes is tra-
ditionally complex, relying on manual measurements that pose safety risks,
lead to nancial misestimations, and disrupt supply chain management.
This dissertation addresses these challenges by developing a robust appli-
cation within the Robot Operating System (ROS) framework. The primary
objective is to automate the presentation, representation, and processing
of LIDAR and GNSS detection data. By leveraging these advanced tech-
nologies, the proposed system enhances accuracy and e ciency in volume
assessment, thus improving safety and operational e ciency in industrial en-
vironments. The implementation of this system is detailed, demonstrating
signi cant advancements in automating stockpile volume monitoring and
measurement.
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A tarefa industrial de monitorar e medir volumes de pilhas de materiais e
tradicionalmente complexa, dependendo de medicees manuais que represen-
tam riscos a seguranca, levam a estimativas nanceiras imprecisas e inter-
rompem a gestao da cadeia de suprimentos. Esta dissertacao aborda esses
desa os desenvolvendo uma aplicacao robusta no framework Robot Op-
erating System (ROS). O objetivo principal e automatizar a apresentaceo,
representacao e processamento de dados de deteccao de LIDAR e GNSS. Ao
aproveitar essas tecnologias avancadas, o0 sistema proposto melhora a pre-
cisao e e ciéncia na avaliacao de volumes, aprimorando assim a seguranca
e a e ciéncia operacional em ambientes industriais. A implementacao deste
sistema e detalhada, demonstrando avancos signi cativos na automacao do
monitoramento e medicao de volumes de pilhas de materiais.
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Chapter 1

Introduction

The measurement of volumes in temporary storage areas such as harbors, squares, lo-
gistics parks or other similar contexts in outdoor environments is currently performed
mostly by manual human operations and besides being tiring and slow, it is also an
imprecise process and implies labor costs dedicated to the task. These problems happen
because measurements are most often carried out by manual measurement, using a mea-
suring tape, and in some situations the surfaces are not physically delimited, su ering
frequent variations. One of the most challenging situations, like the one represented in
gure 1.1, is the storage of inert materials in bulk (sand, stone, etc.) which are arranged

in piles or heaps, whose volume varies daily, and their measurement is complex.

In this dissertation, it is intended to nd an alternative solution for the problems
mentioned before, and that can be integrated in ATLASCAR2.

Figure 1.1: Example of a logistic park. [14]



2 1.Introduction

1.1 ATLAS Project

The ATLAS Project was created by the Group of Automation and Robotics at the
Department of Mechanical Engineering of the University of Aveiro. The main objective
of this project is to develop and enable the application of advanced sensors and active
systems designed for implementation in automobiles and platforms.

ATLASCAR? [2] is part of this project, and it is equipped with several Light De-
tection and Ranging (LIDAR) sensors, Cameras, Global Navigation Satellite System
(GNSS) and Inertial Navigation System (INS) receiver. It is also an all-electric vehicle,
unlike the ATLASCARL1 [1], which means it is easier to modify, test and control unlike
the previous version. In gure 1.2 it is possible to see the vehicle with several sensors
mounted such as LIDAR sensors, cameras and Global Positioning System (GPS).

Figure 1.2: Image of ATLSCAR?2 vehicle. [2]

1.2 Problem Description

Accuracy and speed are important characteristics for a successful process in a company.
We can guarantee these characteristics in a process of outdoor volume calculation by
exploring a georeferenced measurement solution that is easier to implement in the eld.
The approach involves the use of a GPS receiver travelling through the regions to be
delimited, recording the paths, developing software to analyze and segment closed regions

Jorge Silva Master Degree



1.Introduction 3

and evaluate their area. By having one or more sensors for measuring distances, such as
a LIDAR, it is possible to collect the pro le of the external dimensions of the material
stored along these paths during the execution process, and additionally estimate the
volume occupied inside the regions to be de ned. These sensors, placed on board a
vehicle, provide a quick survey and potentially with great precision.

1.3 Objectives

The main objective of this dissertation is to develop a system, on ATLASCAR2, that al-
lows the representation and automatic processing of LIDAR and GNSS detection results.
To achieve this purpose, the following intermediate objectives will have to be achieved:

" Development of a solution for data collection in a simulated environment;

" Development of a technical solution in ATLASCAR? to collect the data necessary
for the georeferenced assessment of surfaces and apparent volumes;

~ Development of an application to transform the collected data into a description
of georeferenced regions and volumes and display the results of surveys and detec-
tions;

1.4 Document Structure

This document is divided in 6 chapters. This rst chapter presents the context of the
problem and the objectives for this dissertation. Chapter 2 describes the state of the
art for this type of work. The hardware and software used during this dissertation are
presented in Chapter 3. Chapter 4 presents the solution developed, and the results
obtained during the experiments are discussed in Chapter 5. Finally, Chapter 6 presents
the conclusions and the work that can be developed in the future.

Jorge Silva Master Degree
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Chapter 2

State of the Art

This chapter explores solutions and algorithms for 3D point cloud processing and volume
estimation. It also covers a description of the current solutions for performing the
measurement of volumes for outdoor formations. As mentioned before, it is needed
to nd a solution that can georeference and calculate the volume of an object, so it is
important to investigate some work done in 3D perception, volume calculation, Itering,
and processing point clouds.

2.1 Existing Solutions

During this research, two main articles that use di erent techniques for volume calcula-
tion of stockpiles were found.

The article Monitoring and Computation of the Volumes of Stockpiles of Bulk Ma-
terial by Means of UAV Photogrammetric Surveying [14] explores the use of Unmanned
Aerial Vehicle (UAV)s for measuring stockpile volumes, gure 2.1, and compares this
method with Terrestrial Laser Scanning (TLS), gure 2.2. UAVs, equipped with high-
resolution cameras, capture images from multiple angles to create 3D models of stock-
piles, enabling accurate volume calculations. The study highlights that UAV photogram-
metric surveying typically achieves horizontal accuracy within 1-3 cm and vertical accu-
racy within 2-5 cm, with volume calculations often accurate to within 2-5% of the actual
volume. In contrast, TLS, which uses a laser scanner to capture detailed 3D data from a
xed location, provides higher precision with distance measurements accurate to within
millimeters. TLS is renowned for its detailed surface mapping and high accuracy but
involves higher costs and more complex deployment. Setting up TLS can take several
hours to a day, including equipment calibration and site preparation. UAV photogram-
metric surveying generally requires a few hours for ight planning and data capture,
with processing times for generating 3D models and calculating volumes ranging from a
few hours to several days.

Also details the use of speci ¢ software for both methods, UAV data is processed
using photogrammetric software such as Pix4D or Agisoft Metashape, which converts
images into accurate 3D models and volume measurements. TLS data is processed with
software like Leica Cyclone or Faro Scene, which helps in creating precise point clouds
and detailed surface models. The article highlights the e ciency of UAVs in terms of
cost, time, and exibility, particularly in di cult-to-access areas, while TLS serves as a
benchmark for high-precision requirements.

5



6 2.State of the Art

Figure 2.1: Dense cloud generated with Photoscan [14].

Figure 2.2: 3D point model generated with laser scan [14].

The article, Approximate Volume of Sand Materials Stockpile Based on Structure
From Motion (SFM) [9]. focuses on utilizing image processing techniques to estimate
the volume of sand stockpiles. Speci cally, the study employs the SFM method, which
involves capturing images of the stockpile from various angles to create a detailed 3D
model. This 3D model is then analyzed to determine the stockpile's volume.

The volume calculation is carried out by determining the centroid and radius distance
using the Euclidean distance algorithm, as illustrated in gure 2.3. The process involves
capturing the overall three-dimensional structure of the object with cameras positioned
around it, as shown in gure 2.4.

To evaluate the e ectiveness of this method, the study measured 25 sand stockpiles.
The average accuracy of the volume estimations achieved with this technique is approx-
imately 74.21%, indicating a high level of precision in the volume measurements using
the SFM approach.

Input SFM Finding Euclidean Measure
Images Process Centroid Distance Volume

Figure 2.3: Step by step, measuring object volume [9].
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