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What are STM32s and 
ST Cores?

•

•

•

•



Where are STM32s 
being used?

•

•

•

•

•

•

•

•



Supported Protocols

•

•

•

•

•

•

•

•

•



Why don't we use STM32 
instead of ARDUINO?

•

•

•

•



How does ST MICROELECTRONICS' 
ECOSYSTEM work?



NomenclaturE (1)



Nomenclature (2)



NomenclaturE (3)

•

•

•

•

•

•

•

•

•

•



NomenclaturE (4)

•

•

•

here

https://www.st.com/content/st_com/en/stm32-mcu-developer-zone/mcu-portfolio.html


Development Environment

• https://www.st.com/en/development-tools/stm32cubeide.html

• https://www.keil.com/download/

• https://www.st.com/en/development-tools/truestudio.html

• https://www.iar.com/ewarm

• https://www.st.com/en/development-tools/stm32cubemx.html

https://www.st.com/en/development-tools/stm32cubeide.html
https://www.keil.com/download/
https://www.st.com/en/development-tools/truestudio.html
https://www.iar.com/ewarm
https://www.st.com/en/development-tools/stm32cubemx.html


Case Example: 
STM32F103C8T6

Available here with STLink

https://amzn.to/3FQwuHp
https://amzn.to/3QK0Dym


STM32F103C8T6 PinOut

MBED

STM32F401RE

https://os.mbed.com/
https://os.mbed.com/platforms/ST-Nucleo-F401RE/


STM32 CUBE 
IDE: IOC

•

•



STM32 Clock 
Configuratio
n

•

•



frequency of 
peripheral devices

•

datasheets

•

•

https://www.st.com/resource/en/datasheet/stm32f103t6.pdf


Mandatory 
settings

•

•



STM32 Project 

•

•

•

•

•



Main •

•

•

•

•



Specular 
IOC 
settings

•



Some BASIC functions

• HAL_Delay(100); -> set a delay of 100ms (same as delay(100))

• HAL_GPIO_WritePin(GPIO_Port, GPIO_Pin, GPIO_PIN_SET); -> digitalWrite(Pin, HIGH);

• GPIO_PIN_SET = HIGH (1) – GPIO_PIN_RESET = LOW (0)

• E.g. Pin=B1 -> GPIO_Port=GPIOB and GPIO_Pin=GPIO_PIN_1 (check main.h)

• GPIO_PinState state = HAL_GPIO_ReadPin(GPIO_Port, GPIO_Pin);



I Want to use SPI to communicate with an MFRC522, but the arduino library does not work. What should I do?
It is hard to find the same arduino library implemented also for an STM32, so you have to port it!



SO, Why using an STM32

•

•

•

•

•



IOT Project Tips

Environmental monitoring 
system: An environmental 
monitoring system can be used 
to measure environmental 
parameters such as 
temperature, humidity, air 
quality, or noise level. The 
collected data can be sent to a 
server for analysis or 
visualization. Use AI to predict 
these parameter for the 
following day/week

Home automation system: A 
home automation system can 
be used to control home 
devices such as lights, 
thermostats, and locks. 
Devices can be controlled 
manually or automatically 
based on certain events or 
conditions. 

Security system: A security 
system can be used to monitor 
an area or building for 
intrusions or other unexpected 
events. The data collected can 
be sent to a cloud for analysis 
or triggering alarms. 

Tracking system: A tracking 
system can be used to track 
the location of people entering 
and exiting a building. This 
scenario is very interesting in 
the industrial context. 
Estimate with AI the number 
of people within a building

For PRO students: try to 
embed AI within the 
microcontroller



Extra: Interrupts

•

•

•

•

•

•

•

•

•



Extra: Direct Memory Access 
(DMA)

•

•

•

•

• HAL_UARTEx_ReceiveToIdle_DMA(&huart1, (uint8_t*) rxbuffer, 
MAX_STRING_LENGTH); -> we set the DMA Buffer and its size

• __HAL_DMA_DISABLE_IT(&hdma_usart1_rx, DMA_IT_HT); -> disable the half data 
transfer interrupt

• void HAL_UARTEx_RxEventCallback(UART_HandleTypeDef *huart, uint16_t size){
• if(huart->Instance == USART1){ … -> we define the DMA interrupt callback to 

read RX data



AI ON STM32



Hardware Limitations

•

•

•

•



Software Limitations

•

•

•



Open Neural Network 
Exchange

•

•

•

•



It is worth to give it a look
These are the main ONNX supporters!



ONNX for STM32

•

•

•



STM32 X-CUBE-AI

•

•



SinNet: an application 
example for ai on 
stm32

•

•

•

•

•



What to do after storing NN 
weights? (Quantization)

•

•

•

•

•

•



Quantization

For this example we will use 8 bit Uint quantization

Weights and activation functions will be represented with 8 bit

Remember that it is not true to say that quantization 
reduces the accuracy!

Rarely it is possible to obtain a better accuracy since quantization is also a way to reduce 
overfitting

On the other hand, it is also not true that quantized models are faster, this depends upon the underlying Hardware



ONNX model conversion

•



ONNX Quantization

•

•

•

•



Quantization 
results

•

•

•



Loading the model on 
an STM32

•

•

•

•

•



Choose your 
Microcontroller

•

•

•

•



CUBE AI 
Project Setup

To import the Neural Network go to “middleware”, 

look for “X-CUBE AI” and in the meanwhile click on 

“Software Packs”->”Select Components and enable 

“Core” flag under STMicroelectronics-X-CUBE-AI



X-CUBE AI Menu

•

•

•



Runnign the model

•

•



Useful Resources

• https://www.st.com/resource/en/data_brief/x-cube-ai.pdf

• https://www.st.com/resource/en/user_manual/um2526-getting-started-with-xcubeai-expansion-

package-for-artificial-intelligence-ai-stmicroelectronics.pdfa

https://www.st.com/resource/en/user_manual/um2526-getting-started-with-xcubeai-expansion-package-for-artificial-intelligence-ai-stmicroelectronics.pdfa
https://www.st.com/resource/en/user_manual/um2526-getting-started-with-xcubeai-expansion-package-for-artificial-intelligence-ai-stmicroelectronics.pdfa
https://www.st.com/resource/en/user_manual/um2526-getting-started-with-xcubeai-expansion-package-for-artificial-intelligence-ai-stmicroelectronics.pdfa


The end

•

•

here

https://personale.unimore.it/Rubrica/dettaglio/239210
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