
Tooling for embedded development

By Malthe Sennels (that’s me)
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The plan for the evening

■ Arduino IDE

o Whats happening underneath

■ Compiling, Linking, bitstream

o Bootloaders and what is needed to create a devboard

■ PlatformIO

o Why even bother?

o How i learned to stop worrying & love Vscode

o Creating libraries

o Debugging

■ Examples with nucleo boards
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Prerequisits 

■ You know what an Arduino is (Important)

■ You know that Arduino IDE has an upload button
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Woosh
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Whats actually happening

■ Preprocessor

o ”converts” into c++

■ Adds Arduino.h

■ Adds function prototypes

■ AVR-GCC Toolchain

o Compiling

o Linking

o Creating a binary file

■ AVRdude

o Serializing the binary via UART 

■ Bootloader

o Reconstructing the binary in flash
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Avg. upload button enjoyer

Where we’re going

Arduino with Cmake Rust
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AVR-GCC compiler

■ AVR-GCC 4.3>
○ Maybe newer

■ Developed by atmel
○ Used in Atmel studio
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The binary file
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AVRdude
AVR Downloader Uploader

■ The tool to get our binary file 

from the PC to the board of 

choice

■ Stk500v2/stk500 
○ https://github.com/Optiboot/optiboot

/wiki/HowOptibootWorks

https://github.com/avrdudes/avrdude
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What about the processor?

■ Does a 𝜇𝐶 work right out the box
○ No :(    typically for arduino it needs a 

bootloader.

■ Sometimes we’re lucky
○ ESP32, ESP8266, STM32…
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UART
ISP

Bootloader by examples

https://github.com/Optiboot/optiboot

https://github.com/mihaigalos/miniboot

■ You want to build your own arduinoboard
○ Example ATmega168p

■ You pick a bootloader you like (And works

for your 𝜇𝐶)
■ You cry for 3 days while getting it to work

■ https://github.com/Optiboot/optiboot

■ Why UART?
○ https://github.com/mihaigalos/miniboot
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SPI interface

Used by isp

UART

Used by bootloader

USB To UART

An arbitrary atmel based arduino board

https://github.com/Optiboot/optiboot
https://github.com/mihaigalos/miniboot
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Why we love Arduino IDE

■ Easy to learn – Easy to master

■ Different boards work

■ Fast setup and making prototypes
○ Compared to: STM32CubeIDE, Atmel-studio…

10



Development tools for electronics, 2025, Malthe Sennels 

Why we love Arduino IDE
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■ Usually one page with a lot of (messy) code

■ We’re locked by the button

■ What about projects with multiple arduinos in different configurations

■ Custom boards…

■ Libraries are kinda ‘sketchy’

■ Its good for smaller projects
○ But we can do better than that
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PlatformIO

■ Remote flashing (& local OTA)

■ Arduino is just a standard library now
○ And we can see how it works

■ Very easy board handling and libraries

■ VScode
○ Jumping files

○ LSP

■ For the connoisseurs (experienced)
○ Unit testing

○ Support for multiple in circuit debuggers

○ Simulated 𝜇𝐶’ers
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Install party

■ Extensions Vscode – Remeber to install python and add to path
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PlatformIO by examples

■ A small cute 2.sem project

■ Libraries
○ https://docs.platformio.org/en/latest/librarymanager/index.html

○ Internal package manager – Like Arduino IDE

○ Github links

○ Your own libraries
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https://docs.platformio.org/en/latest/librarymanager/index.html
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PlatformIO.ini

■ A way to setup projects

■ [env:some_name]

■ upload_port

■ monitor_port

■ Build flags

■ Mcu.cpu

■ Fuses
○ board_fuses.hfuse = 0xDA
○ board_fuses.lfuse = 0xFF

○ board_fuses.efuse = 0xFD
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Exercise: blinky

■ We’re working with the nucleo

■ What is needed
○ Framework: Arduino

○ Board: STM32F401re
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”Its not a satlab presentation without some questionable exercises”
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Creating a library

■ Header files

o function prototype

o Classes

■ cpp files

o Actual code working

■ G-wagon analogy

o Interfaces

■ Example
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Creating libraries

■ Prototypes can be declared

multiple times

■ Definitions can only be declared

once

■ Include guards
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Exercise: creating a library

■ <your library name> (folder)
○ src (folder)

■ <your library name>.h

■ <your library name>.cpp

■ Find a fun functionality to implement

■ If you have extra time add JDN-krnl from github and look around
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Remote IO

■ Development from away
○ Good for when you visit your parents and still want to work on semester-projects

○ Bad for your social life

■ Supported
○ Local OTA like ESP-OTA

○ Remote IO broker – Flash and use serial monitor from everywhere
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Extra VScode spice

■ Serial monitor

o Arduplot

o Custom filters using python

o ESP-32/8266 dumps

■ Comments

■ Autocompletion

o For, if, while, switch

■ LSP, on the fly syntax checking
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Virtual & physical debuggers for Arduino

■ Quick recap
○ A debugger lets us step through one line of code seeing every variable in the system at a time.

■ Ever just wanted to be able to see inside the arduino.
○ https://github.com/buserror/simavr

○ "A lean and mean Atmel AVR simulator for linux”

■ Also real debuggers
■ Example: STM32 ST-Link onboard
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Exercise: Debugging!!

■ We love debugging - ST-LINK

■ Create a project (or use one from earlier)
○ In platformIO.ini

■ Set upload_port and debug_port

■ https://os.mbed.com/teams/ST/wiki/ST-Link-Driver

■ Hint: https://docs.platformio.org/en/latest/boards/ststm32/nucleo_f401re.html
○ kortlink.dk/2r49x
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https://docs.platformio.org/en/latest/plus/debug-tools/stlink.html#debugging-tool-stlink
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