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Introduction

We wanted to make a robot.

For the Micromouse Competition! (TMIRC)
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Introduction

██ Problem

   •  What should we use for this robotics project?                                               

      ◦  To manage code and files                                                                 

      ◦  To create and build the project                                                          

   •  And that is open-source <3                                                                  

▓▓▓ Disclaimer

   •  This is a tour of everything you can do by yourself                                         

      ◦  There are other solutions that might be simpler to use!                                  
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Software
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Infrastructure

██ First: Manage the code

▓▓▓ What we need

   •  Collaborative                                                                               
   •  Version management                                                                          
   •  Compatible with CI                                                                          
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Infrastructure

██ Gitea / Forgejo

   •  Git VCS                                                                                     
   •  Issue and PR Management                                                                     
   •  Has its own CI runner                                                                       
   •  Can be hosted on NixOs in a LXC container within Proxmox                                    
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Infrastructure
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Infrastructure

██ Second: Build and Test the code

▓▓▓ What we need

   •  Integrated with Gitea                                                                       
   •  That's pretty much it                                                                       
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Infrastructure

██ Gitea-Runner (previously act-runner)

   •  Integrated in Gitea workflow                                                                
   •  Syntax compatible with github actions                                                       
   •  Hosted: NixOs/LXC/Proxmox                                                                   
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Infrastructure
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Infrastructure

██ Third: Reproducibility

How to make sure my code builds the same on:

   •  My machine                                                                                  
   •  His machine                                                                                 
   •  The CI                                                                                      
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Infrastructure

██ Nix/Guix

   •  Declarative dependency management                                                           
   •  Reproducible builds                                                                         
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Infrastructure

Declaring and installing depencencies as simple as:

let
# Download specific version of nixpkgs
pkgs_dl_2605 = fetchTarball "

https://github.com/nixos/nixpkgs/tarball/nixos-26.05";
pkgs_2605 = import (pkgs_dl_2605) {};

  # Put our pkgs into scope
in with pkgs_2605;
mkShell {
nativeBuildInputs = [
presenterm # Used for this presentation
ghostty # Also used for this presentation

  ];
}
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Programming Language

██ Rust

   •  Modern language                                                                             
   •  Memory Safe                                                                                 
   •  Cost-free abstractions                                                                      
   •  Integrated build and documentation tools                                                    
   •  Convenient Embedded Systems support                                                         
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Embedded Framework

██ What we need

   •  Real-time capabilities                                                                      
      ◦  Multi-task with priorities                                                               
   •  HAL (Hardware Abstraction Layer)                                                            
   •  STM32 support                                                                               
   •  Convenient                                                                                  
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Embedded Framework

██ Embassy

   •  embassy-stm32 HAL                                                                           
      ◦  Type Safe Peripherals usage                                                              
      ◦  Most convenient                                                                          
   •  Mock time driver (great for simulation)                                                     
   •  Interrupt and threaded executors (multi-prio)                                               
   •  Async                                                                                       
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Embedded Framework

  //! LED Blink Example
#![no_std]
#![no_main]

#[embassy_executor::main]
async fn main(_spawner: Spawner) {

// One line peripherals and clock initialization
let p = embassy_stm32::init(Default::default());

// Compiler tracks pin ownership & peripherals configurations
let mut led = Output::new(p.PC13, Level::High, Speed::Low);

loop {
// Toggle a LED (High/Low)

        led.set_toggle();

// Non-blocking delay
        Timer::after_millis(500).await;
    }
}
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Simulation

   •  Testing things in the real world is time consumming and hazardous.                          
   •  We needed something to simulate our system in a virtual environment.                        
   •  ROS is great (many good tools!) but...                                                      
      ◦  Only works in a specific version of Ubuntu.                                              
      ◦  Can be quite complex.                                                                    
      ◦  Need to do everything in the ROS ecosystem.                                              
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Simulation

██ Webots

   •  An open source simulation engine                                                            
   •  Can simulate many things!                                                                   
      ◦  physics ✓                                                                                
      ◦  actuators (motor, speaker...) ✓                                                          
      ◦  sensors (lidar, camera, distance sensors...) ✓                                           
   •  Write your robot controller in many languages: C, C++, Python, Java, MATLAB...              
      ◦  Rust... with webots-rs.                                                                  
   •  See also: Gazebo, Copper, MuJoCo...                                                         
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Simulation

██ Webots: In Practice

   •  You can reuse the same       
      controller in the simulation 
      and in your robot!           
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Electronics
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PCB Design

After Breadboard/Devboard:

   •  PCB (Printed Circuit Board) Development
      ◦  Smaller size factor                 
      ◦  More reliable connections           
      ◦  Integrate chips that do not have dev
         board                               
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PCB Design

██ KiCAD

   •  Schematic Capture                                                                           
   •  PCB Layout                                                                                  
   •  3D Viewer                                                                                   
   •  Export to manufacture (JLCPCB) with 3rd party addons                                        
      ◦  Fabrication Toolkit                                                                      
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PCB Design: Schematics Capture
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PCB Design: Layout and Routing
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PCB Design: 3D View
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PCB Design: Manufacturing
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Mechanics
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Mechanical Design

██ FreeCAD

   •  2D Schematics                                                                               
   •  3D Parametric                                                                               
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Mechanical Design
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Mechanical Design
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Mechanical Design
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Mechanical Design
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What we did
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Conclusion

Don't be afraid to start your own project! If you didn't do it yet, start tomorrow!

And don't forget:

Have FUN!
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5 Minutes Q&A

Ask your questions
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