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Abstract

This Final Degree Project contributes with the JdeRobot organization in the creation of an open
source toolchain for the development of FPGA applications for robots. With this objective,
several pieces of software have been developed and tested to be included in its public repository.

The work undertaken focused on two different scenarios, one physical and hardware-oriented,
and the other, simulated and software-oriented. A real GoPiGo robot, physical cameras, the
Gazebo robotics simulator and FPGA technologies like the Verilog hardware description lan-
guage and the Verilator simulator have been extensively used.

The research and developments presented in this paper take place inside the JdeRobot’s
FPGA-Robotics project with the aim of expanding its library of reusable nodes or ”blocks”. As
experimental validation, several POCs (Proof of Concept) and robotic applications for FPGAs,
both physical and simulated, have been designed, developed and tested. For instance a robot

following a colored object using its onboard camera.
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Resumen

Este Trabajo de Fin de Grado contribuye con la organizacion JdeRobot en la creacion de una
cadena de herramientas de c6digo abierto para el desarrollo de aplicaciones FPGA para robots.
Con este objetivo, se han desarrollado y probado varias piezas de software para ser incluidas en
su repositorio publico.

El trabajo realizado se ha centrado en dos escenarios diferentes, uno fisico y orientado al
hardware, y otro simulado y orientado al software. Un robot GoPiGo real, camaras fisicas, el
simulador de robética Gazebo y tecnologias FPGA como el lenguaje de descripcion de hardware
Verilog y el simulador Verilator se han utilizado de manera extensiva.

La investigacion y los desarrollos presentados en este trabajo tienen lugar dentro del proyecto
FPGA-Robotics de JdeRobot con el objetivo de ampliar su biblioteca de nodos o ’bloques” re-
utilizables. Como validaciéon experimental, se han disefiado, desarrollado y probado varias
POCs (Proof of Concept) y aplicaciones robéticas para FPGAs, tanto fisicas como simuladas.

Por ejemplo, un robot que sigue un objeto de color utilizando su cdmara de a bordo.
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Chapter 1

Introduction

This project is framed in a very rich environment dedicated to developing open source solutions
in the fields of Robotics and Computer Vision. Specifically, it is developed in a branch that aims
to use Field-Programmable Gate Arrays (FPGAs) as the main processing unit of robots instead
of the more common general-purpose Central Processing Units (CPUs) or application-specific
integrated circuits (ASICs).

Robotics is one of the fastest growing fields in science and technology so innovation is
highly sought after, the use of FPGAs opens a wide range of possibilities for increasing per-
formance and diminishing costs. Even though it is a growing sector, FPGAs are already being
used in many high-end robotics applications, usually for computer vision and motor control
where sub-microsecond precision programming can be a sizeable advantage and also because
their re-programmable nature and flexibility eases the prototyping stage of development.

Still, FPGAs only constitute a small portion of the controllers present in robots today. Users
of robotic products usually demand either highly optimized or highly flexible products, while
FPGAs provide functionality somewhere in between. A strong community of developers is the
backbone of every technology but the free and open source environment surrounding FPGAs
is still, although growing, rather small, therefore students and enthusiasts will struggle finding
collaborative settings to learn, try and contribute.

This project represents further steps in the aim of the JdeRobot! open source organiza-

tion and its FPGA-robotics? project, and myself to work towards an ever growing free and open

'"https://github.com/JdeRobot
Zhttps://github.com/JdeRobot/FPGA-robotics
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Figure 1.1: KUKA KR 210 R2700 Robot

source development environment for Robotics, Computer Vision and FPGAs making these tech-

nologies more accessible for everyone.

1.1 Robotics

Robotics is an interdisciplinary sector of science and engineering dedicated to the design, con-
struction and use of mechanical robots. These machines are intended to reduce or eliminate the
workload performed by humans in production, execution or service processes. Actuators, end
effectors, robotic manipulators, controllers and sensors like inertial measurement units, micro-

phones and cameras make up the majority of robots.

The robotics sector is hugely diverse and continues to expand, feeding into several key
areas that include healthcare, machine vision, warehouse and production line automation, au-

tonomous vehicles, the military complex and general industrial operations.

Production processes employ the vast majority of robots nowadays. The global industrial

robots market size was valued at USD 15.60 billion in 2021 and is expected to triple by the






