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Introduction

World of sensors

Air quality Agriculture IoT UAVs

Generation of huge datasets



UAVs

High-resolution RGB camera

Multispectral camera

Thermal camera

Hyperspectral camera

Introduction



¿What is digital twin?

“Un gemelo digital puede definirse como una
representación digital del mundo real que permite
comprobar constantemente su comportamiento, analizarlo y
actuar en consecuencia, tanto de forma inmediata como
prediciendo su comportamiento en el futuro.

En definitiva, un gemelo digital debe gestionar el ciclo de
vida del sistema, monitorizándolo, analizando su
comportamiento y actuando sobre él de forma inteligente
para mantener o conseguir situaciones de comportamiento
óptimas.”

Introduction



Data acquisition

Study cases

Olive trees

Forest

Urban scenarios

Multi-source images



HPC infrastructure

ADA cluster

- This cluster provides a compute capacity of 133,632 CUDA cores, provided by Tesla 

Volta and RTX Turing cards.

- Main features::

- 1 management node

- 2 computational nodes based on GPUs ( x2 NVIDIA V100)

- 4 computational nodes based on GPU (x7 NVIDIA GeForce RTK 2080Ti)

- For the next investment:

- 1 storage node

- 1 computational node (4 GPUs A100 with NVLINK)

Descripción:



Edge Computing



Edge Computing

¿What is edge computing?

“El Edge Computing es un paradigma complementario
al cómputo en la nube. En este, los datos son procesados
por los dispositivos en vez de depender de servidores
centralizados para procesarlos.

Esto tiene ventajas respecto a latencia de respuesta,
seguridad y privacidad. Además, permite que
dependamos menos de los pocos proveedores de
soluciones en la nube, que son Amazon, Google, Microsoft
e IBM.

Pero no sólo se pueden resolver problemas de privacidad,
también se puede aplicar aprendizaje máquina desde el
dispositivo, permitiendo que solo se rescate la
información más relevante, evitando saturar el ancho de
banda de la red.”



Edge Computing

Data acquisition HPC infrastructureEdge Computing



Edge Computing

System on a chip (SoC)

According to market research firm IDC’s “Future of Operations-Edge and
IoT webinar,” the edge computing market will be worth $251 billion by
2025, and is expected to continue growing each year with a compounded
annual growth rate of 16.4 percent. The evolution of AI, IoT and 5G will
continue to catalyze the adoption of edge computing.

“Un sistema en chip (SoC, del
inglés system on a chip) describe la
tendencia cada vez más frecuente de usar
tecnologías de fabricación que integran
todos o gran parte de los módulos que
componen un computador o cualquier
otro sistema informático o electrónico en
un único circuito integrado o chip.”



Edge Computing

System on a chip (SoC)

NVIDIA® Jetson Xavier™ NX lleva el
rendimiento del superordenador a la
periferia en un sistema en módulo (SOM) de
pequeño formato. Con hasta 21 TOPS de
computación acelerada ofrece la potencia
para ejecutar redes neuronales modernas en
paralelo y procesar los datos de múltiples
sensores de alta resolución, un requisito para
sistemas completamente de IA.



Challenges and motivation

Multi-source image mapping on 3D huge point clouds

Challenges:

- Memory limitation

- Execution time (performance)

- Data paralelization

Solution:

HPC SYSTEM BASED ON GPU-BASED COMPUTING



Challenges and motivation

Multi-source image mapping on 3D huge point clouds

Motivation for GPU development:

- GPUs are designed for computing these operations 

(projections, plane changes, etc.).

- Data parallelism (no interdependency)



3D Reconstruction

Algorithm: SfM (Structure from Motion) Nube de 40.196.463 puntos

Searching for minutiae in images and matching
them to each other for the generation of 3D
points in a common reference system.

Description:



Our proposal

Principales características:

1 – Out-of-the-core method

2 – Data parallelization on the GPU (CUDA)

3 – Spatial segmentation of 3D models

4 – Mapping and occlusion tasks



GPU-based solution



Our method

1. Alignment (Iterative closest point)

𝑀 = S sx, sy, sz T 𝑡𝑥, 𝑡𝑦, 𝑡𝑧 𝑅(β α Ω)

𝑅𝑥 Ω 𝑅𝑦 β 𝑅𝑧(α) =

𝑟11 𝑟12 𝑟13 0
𝑟21 𝑟22 𝑟23 0
𝑟31 𝑟32 𝑟33 0
0 0 0 1

T 𝑡𝑥, 𝑡𝑦, 𝑡𝑧 =

1 0 0 𝑡𝑥
0 1 0 𝑡𝑦
0 0 1 𝑡𝑧
0 0 0 1

S 𝑠𝑥, 𝑠𝑦, 𝑠𝑧 =

𝑠𝑥 0 0 0
0 𝑠𝑦 0 0
0 0 𝑠𝑧 0
0 0 0 1

Hsieh, C. T. (2012, November). An efficient development of 3D surface
registration by Point Cloud Library (PCL). In 2012 International Symposium on
Intelligent Signal Processing and Communications Systems (pp. 729-734). IEEE.

Characterization of real-world scenarios



Our method

1. Selección de puntos visibles desde la posición de la camara

considerando el FoV.

2. Multispectral image mapping

Characterization of real-world scenarios



Our method

2. Multispectral image mapping
Level of details (LoDs):

Octree:

Characterization of real-world scenarios



Our method

3. Multispectral image mapping
2. Geometric transformation

Local coordinate system World coordinate system

Z
X

Y

Z Y
X

Y

World and Local coordinate systems 
are now the same

X
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Characterization of real-world scenarios



Our method

4. Multispectral image mapping

Fish eye model Polynomial Fisheye Transform

where:

What is the result?

- 3D point (x, y z)
- Image coordinates
- distance

3D point

d

(px, py)

3. Fisheye projection to map each 3D point to its

corresponding pixel.

Characterization of real-world scenarios



Our method

5. Multispectral image mapping
4. Occlusion

Characterization of real-world scenarios



Our method

5. Multispectral image mapping
4. Occlusion

Characterization of real-world scenarios



Our method Characterization of real-world scenarios

6. Multispectral image mapping
5. GPU-based acceleration using CUDA for mapping and

occlusion test.



Our method Characterization of real-world scenarios

Workflow of the proposed out-of-core method for both operations: 3D 
mapping and occlusion test.



Results Characterization of real-world scenarios

Test machine:

- Procesador: Intel con 4 núcleos (cores) i7-4790 CPU @ 3.60GHz (hyperthreading

activado con 8 cores virtuales).

- Memoria RAM: 24 GB, Caché L1: 32 KB para datos y 32 KB para instrucciones, Caché

L2: 256 KB, Caché L3: 8 MB.

- GPU: Nvidia TITAN V (Nvidia Driver: 450.57) con 5120 núcleos y VRAM de 12 GB.

- Point cloud: 66 M. of points

- Images: 12

Test dataset:



Results Characterization of real-world scenarios

Test:



Results Characterization of real-world scenarios

We observe that the problem is better suited to the GPU architecture and
achieves more than 30 times better results than the parallel CPU solution.



Applications

1- Precision agriculture

2- Semantic segmentation

3- Geometric segmentation



1- Morphological characterization of trees

2- Volume computation

3- Spatial data structures

Applications



1- Species recognition

2- Forest inventory

Applications



Applications



Applications

Material segmentation



Applications

Agriculture



GEU (Geospatial and Environmental tools of UJA)



Our spin-off

GEUSOL
GEUAGRO

Applications



Trabajo futuro

Generación de escenarios sintéticos



Trabajo futuro

Generación de escenarios sintéticos



Trabajo futuro

Simulación LiDAR
A. López, C. J. Ogayar, J. M. Jurado and F. R. Feito, "A GPU-
Accelerated Framework for Simulating LiDAR Scanning," in IEEE
Transactions on Geoscience and Remote Sensing, vol. 60, pp. 1-18, 2022, Art
no. 3000518, doi: 10.1109/TGRS.2022.3165746.



Trabajo futuro

Eurographics 2022
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