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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ SensorTile.box (kompaktna razvojna platforma)

 Edge Computing platforma

◼ STM AI ekosistem in Orange Data Mining
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VIN projekt - poročilo in vse datoteke (70%)

Preberite podana navodila (OneNote zvezek, LAB vaje s temo VIN projekta) 
in vsebino oblikujte v skladu s priporočili.

Poročilo oblikujte v PDF obliki.  Dodajte tudi infografiko (grafični povzetek 
vašega projekta) in video posnetek. Vse datoteke (skupaj s poročilom) dajte 
v zip arhiv in oddajte (video lahko tudi kje objavite ali kako drugače delite z 
nami, da ga objavimo). Projekt vsaj v obliki tekstovnega povzetka in 
infografike objavite tudi v OneNote zvezku VIN - sekcija VIN projekti Teme.

Projekt priporočamo, da objavite tudi javno (GitHub, https://video.arnes.si/, 
Youtube, ...), skupaj z multimedijskimi datotekami (video posnetek 
delovanja, poročilo, razlage, skice)...

Primer zelo dobro narejenega opisa izvedbe projekta, kjer so podane vse 
potrebne informacije za razumevanje in samostojno izvedbo projekta:
Snake game on 8x8 LED matrix using the STM32F4 discovery board. | 
zrezke’s blog

https://zrezke.github.io/jekyll/update/2022/02/23/8by8-snake.html

Velikost zip datoteke, ki jo oddate, je omejena na 50MB.

VIN Projekt – Navodila

Snake game on 8x8 LED matrix using the STM32F4 discovery board. | 
zrezke’s blog

https://zrezke.github.io/jekyll/update/2022/02/23/8by8-snake.html
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VIN Projekti – Pregled (OneNote objave tem)
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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ SensorTile.box (kompaktna razvojna platforma)

 Edge Computing platforma

◼ STM AI ekosistem in Orange Data Mining
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STM32F407 ST Discovery STM Discovery F4 (Cortex M4)

•STM32F407VGT6 microcontroller featuring 32-bit 

Arm® Cortex®-M4 with FPU core, 1-Mbyte Flash memory and 

192-Kbyte RAM in an LQFP100 package

•USB OTG FS

•ST MEMS 3-axis accelerometer

•ST-MEMS audio sensor omni-directional digital microphone

•Audio DAC with integrated class D speaker driver

•User and reset push-buttons

•Eight LEDs:

•LD1 (red/green) for USB communication

•LD2 (red) for 3.3 V power on

•Four user LEDs, LD3 (orange), LD4 (green), LD5 (red) 

and LD6 (blue)

•Board connectors:

•USB with Micro-AB

•Stereo headphone output jack

•2.54 mm pitch extension header for all LQFP100 I/Os 

for quick connection to prototyping board and easy 

probing

•External application power supply: 3 V and 5 V

STM32

VIN Projekt – Osnovna platforma
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ST Discovery STM32MP157CSTM Discovery MP1 (2xCortex A7 + 1xCortex M4)

•STM32MP157 Arm®-based dual Cortex®-A7 32 bits + 

Cortex®-M4 32 bits MPU in TFBGA361 package

•4-Gbit DDR3L, 16 bits, 533 MHz

•1-Gbps Ethernet (RGMII) compliant with IEEE-802.3ab

•USB OTG HS

•Audio codec

•4 user LEDs

•2 user and reset push-buttons, 1 wake-up button

•5 V / 3 A USB Type-CTM power supply input (not provided)

•Board connectors:

•Ethernet RJ454 × USB Host Type-AUSB Type-

CTM DRPMIPI DSISMHDMI®Stereo headset jack 

including analog microphone inputmicroSDTM cardGPIO 

expansion connector (Raspberry Pi® shields capability)

•ARDUINO® Uno V3 expansion connectors

•STM32CubeMP1 and full mainline open-source Linux® STM32 

MPU OpenSTLinux Distribution (such as STM32MP1Starter) 

software and examples

•4" TFT 480×800 pixels with LED backlight, MIPI 

DSISM interface, and capacitive touch panel

•Wi-Fi® 802.11b/g/n

•Bluetooth® Low Energy 4.1

STM32

VIN Projekt – Ostale platforme
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•Arm® Cortex® core-based microcontroller with 128 Kbytes (STM32H750XBH6) 

of Flash memory and 1 Mbyte of RAM, in TFBGA240+25 package

•4.3” RGB interface LCD with touch panel connector

•Ethernet compliant with IEEE-802.3-2002, and POE

•USB OTG FS with Micro-AB connector

•SAI audio codec

•One ST-MEMS digital microphone

•2 x 512-Mbit Quad-SPI NOR Flash memory

•128-Mbit SDRAM

•4-Gbyte on-board eMMC

•1 user and reset push-button

•Fanout daughterboard

•2 x FDCANs

•Board connectors:

• USB FS Micro-AB connectors

• ST-LINK Micro-B USB connector

• USB power Micro-B connector

• Ethernet RJ45

• Stereo headset jack including analog microphone input

• Audio header for external speakers

• Arduino Uno V3 expansion connectors

• STMod+

STM32H750B-DK Discovery razvojni sistem

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

VIN Projekt – Osnovna platforma

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
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STM32H750B-DK Discovery razvojni sistem
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Testno vezje (primer) - STM32H7 :

GPIO Vrsta Povezava

PC13 User tipka Modra tipka

PA4 Analogni vhod Rumena žička

PH10 Dig. Vhod Zelena žička

PA3 Dig. Izhod - LED Oranžna žička

PJ2,Pi13 Dig. Izhodi vgr. LED diode 

Priključitev na STM32 :  1x analogni, 

1x digitalni vhod, 1x digitalni izhod

STM32H7STM32H7Breadboard vezava – STM32H7
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STM32H750B – DISCOVERY StMod+ konektor

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

Pravilna priključitev

Nepravilna priključitev

STM32H7STM32H7

3.3V !!!

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
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12

3.3V !!!
STM32H750B – DISCOVERY StMod+ konektor
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13

3.3V !!!
STM32H750B – DISCOVERY StMod+ konektor
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3.3V !!!
STM32H750B – DISCOVERY CANBUS konektorja
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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ SensorTile.box (kompaktna razvojna platforma)

 Edge Computing platforma

◼ STM AI ekosistem in Orange Data Mining
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LAPSy Embedded Academy

LAPSy Embedded Academy - Home (sharepoint.com)

https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/
https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/
https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/


VIN – 12 – Predavanja                                                                                   © Rozman - FRII

LAPSy Embedded Academy – VIN LAB

Vhodno izhodne naprave (VIN) (sharepoint.com)

https://unilj.sharepoint.com/:u:/r/sites/LAPSYEmbeddedAcademy/SitePages/Vhodno%20izhodne%20naprave%20(VIN).aspx
https://unilj.sharepoint.com/:u:/r/sites/LAPSYEmbeddedAcademy/SitePages/Vhodno%20izhodne%20naprave%20(VIN).aspx
https://unilj.sharepoint.com/:u:/r/sites/LAPSYEmbeddedAcademy/SitePages/Vhodno%20izhodne%20naprave%20(VIN).aspx
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LAPSy Embedded Academy – OneNote zvezek

LAPSy Embedded Academy - Home (sharepoint.com)

https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/
https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/
https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/
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LAPSy Embedded Academy – MS Teams
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Spletni viri
STM32H7STM32H7

Full range of STM32H7 training courses 
available online

  

Full range of STM32H7 training courses available online

ST offers a full range of training courses in both ePresentation and PDF format for 
the STM32H7 series of High Performance MCUs.
These courses provide helpful instructions and specific information on how to design 
applications that take advantage of the STM32H7’s performance capabilities.
More than 60 specific training modules focus on teaching the skills and knowledge 
for getting the most performance from STM32H7 MCUs for your applications.

Z naslova <https://www.st.com/content/st_com/en/support/learning/stm32-education/stm32-online-
training/stm32h7-online-training.html> 

BSP STM32H750B-DK Component

Z naslova <https://github.com/STMicroelectronics/stm32h750b-dk-bsp> 

https://www.st.com/content/st_com/en/support/learning/stm32-education/stm32-online-training/stm32h7-online-training.html
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https://www.st.com/content/st_com/en/support/learning/stm32-education/stm32-online-training/stm32h7-online-training.html
https://www.st.com/content/st_com/en/support/learning/stm32-education/stm32-online-training/stm32h7-online-training.html
https://github.com/STMicroelectronics/stm32h750b-dk-bsp
https://github.com/STMicroelectronics/stm32h750b-dk-bsp
https://github.com/STMicroelectronics/stm32h750b-dk-bsp
https://github.com/STMicroelectronics/stm32h750b-dk-bsp
https://github.com/STMicroelectronics/stm32h750b-dk-bsp
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VIN Projekti
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VP – Primeri projektov STM32F4, H7 – 21/22

https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples/ 

F4: Air Mouse

F4: LSM6DSOX – Air Mouse

H7: Circle Popper

3D Sonar

Robot: Colour Box sorter

https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples/
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Termo kamera - LIR tipalo Smarteh
  

Prilagam kratek dokument z navodili za priklop in zagotovitev pravilnega delovanja komunikacije 
med LIR-2 senzorjem ter osebnim računalnikom. 

Poleg tega prilagam še link:  https://github.com/kolan51/ModbusLIR2example, do GitHub 
repozitorija, kjer se nahaja osnovna python skripta, ki jo lahko uporabite, kot osnovo za izdelavo vaših 
lastnih projektov. 

V navodilih je na koncu tudi kratek opis uporabe dodatnega projekta za barvni oziroma toplotni izris 
zajetih meritev, ki pa rabi še en minimalen popravek in ga bom poslal naknadno. Poleg naštetega 
prilagam še user manual za LIR-2, kjer je podrobnejši opis vseh registrov in samega delovanja.

Pošiljam še dodatni projekt kolega Domna, kot sem obljubil včeraj: 
https://github.com/kolan51/LIR2_ColorTemp. Lahko ga poganjate, kar preko .exe datoteke, navodila 
za uporabo projekta pa so ravno tako opisana v dokumentu, ki sem ga poslal včeraj. Tudi ta projekt 
lahko uporabite kot osnovo za nadaljnje delo.

VIN PROJ 2023 Pametna IR kamera 8x8_Jakob Jelovčan

Smarteh LIR2 Tipalo

VIN PROJ 2023 Pametna IR kamera 8x8_Jakob Jelovčan

VIN PROJ 2023 Zaznavanje človeka z matrično termo kamero_Jakob_jelovčan.mp4

Izzivi

https://github.com/kolan51/ModbusLIR2example
https://github.com/kolan51/LIR2_ColorTemp
https://unilj.sharepoint.com/:f:/s/LAPSYEmbeddedAcademy/Eikokch_uZNDt5O_rBigHHABibG056Aruv9qljqLu_bRNA?e=UkBI5Y
https://unilj.sharepoint.com/:f:/s/LAPSYEmbeddedAcademy/EkWg4cFq0F9FnbWu6GGa600Biv3c3AGFvyZa63rl4xwoFg?e=UA9VOS
https://unilj.sharepoint.com/:f:/s/LAPSYEmbeddedAcademy/Eikokch_uZNDt5O_rBigHHABibG056Aruv9qljqLu_bRNA?e=UkBI5Y
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/EQbAW5tTkchJie4kLGvncMIBFfBDuVaU1kdurZSX0-7y5w?e=uzAoQG
https://unilj.sharepoint.com/:v:/s/LAPSYEmbeddedAcademy/EQbAW5tTkchJie4kLGvncMIBFfBDuVaU1kdurZSX0-7y5w?e=uzAoQG
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Izzivi
Zaznavanje potnikov v ladijski kabini - Smarteh

a.) kot prvi, in upam da ne prezahteven cilj, bi želeli razviti algoritem za 
detekcijo ljudi v prostoru. Tukaj nas še ne bi zanimalo število ljudi,
pač pa samo njihova prisotnost, tudi če so v "mirovanju->spanje". Klasični 
PIR senzor tukaj odpove, in to bi radi nadgradili za 
potniške kabine na ladji (sliki v priponki, številke v kvadratkih so razdalje v 
mm).

b.) kot drugi korak pa bi poiskušali detektirati število ljudi v prostoru. Ja, ta del 
bo zahtevnejši, mogoče za začetek, če uspemo prepoznati enega, dva in več 
kot dve osebi.

Oboje bi morali znati implementirati na napravi sami (matrični termo senzor 
obdelujemo na enem od ST ukontroler-jev), kar pomeni delo z omejenimi 
resourci -> implementacija preprostejših algoritmov. Obdelava pa PC-ju tukaj 
odpade, razen v začetni fazi -> fazi učenja pred fazo optimizacije.
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We provide a library for the Environment 2 Click as well as a demo application
(example), developed using MikroElektronika compilers. The demo can run on all the 
main MikroElektronika development boards. …

Library Description
This library contains API for Environment 2 Click driver.
Key functions:
•environment2_cfg_setup - Config Object Initialization function.

•environment2_init - Initialization function.

•environment2_default_cfg - Click Default Configuration function.

Z naslova <https://www.mikroe.com/environment-2-click> 

ENVIRONMENT 2 CLICK

PID: MIKROE-4558

Weight: 20 g

Environment 2 Click is a compact add-on board containing 

best-in-class SHT humidity and SGP air-quality sensing 

solutions from Sensirion. This board 

features SHT40 and SGP40, a high-accuracy ultra-low-

power relative humidity, and a temperature sensor 

combined with MOx based gas sensor. …

Z naslova <https://www.mikroe.com/environment-2-click> 

Primer uporabe virov: Podatkovne listine, knjižnice, …
STM32H7STM32H7

Programska knjižnica
Delujoča demo koda

Podatkovna listina (Datasheet)
Vsebuje informacije o tipalu…

https://www.mikroe.com/necto-studio
https://www.mikroe.com/development-boards
https://www.mikroe.com/development-boards
https://www.mikroe.com/environment-2-click
https://www.mikroe.com/environment-2-click
https://www.mikroe.com/environment-2-click
https://www.mikroe.com/environment-2-click
https://www.mikroe.com/environment-2-click
https://www.sensirion.com/en/
https://download.mikroe.com/documents/datasheets/SHT40%20Datasheet.pdf
https://download.mikroe.com/documents/datasheets/SGP40%20Datasheet.pdf
https://www.mikroe.com/environment-2-click
https://www.mikroe.com/environment-2-click
https://www.mikroe.com/environment-2-click
https://www.mikroe.com/environment-2-click
https://www.mikroe.com/environment-2-click
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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ SensorTile.box (kompaktna razvojna platforma)

 Edge Computing platforma

◼ STM AI ekosistem in Orange Data Mining
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/* USER CODE BEGIN 2 */

RCC->AHB1ENR |= 0x08;                 
// Enable clock for GPIOD
  GPIOD->MODER |= 0x01000000;        // 
MODE Register: bit 12 == out

  /* USER CODE END 2 */

  /* Infinite loop */
  /* USER CODE BEGIN WHILE */
  while (1)
  {

GPIOD->ODR ^= 0x1000;            // 
Toggle PD12

/* USER CODE END WHILE */

    /* USER CODE BEGIN 3 */
    for (int i=0; i<0x1000000; i++) {};    
// waste some time
  }
  /* USER CODE END 3 */

Osnovni projekt CubeIDE – GPIO – različni nivoji programiranja

Baremetal - zbirnik Baremetal - C HAL - C

/* Infinite loop */
  /* USER CODE BEGIN WHILE */
  while (1)
  {

 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);

   /* USER CODE END WHILE */

    /* USER CODE BEGIN 3 */
  HAL_Delay(1000);
  }
  /* USER CODE END 3 */

void HAL_GPIO_TogglePin(GPIO_TypeDef* GPIOx, 
uint16_t GPIO_Pin)
{
  uint32_t odr;

  /* Check the parameters */
assert_param(IS_GPIO_PIN(GPIO_Pin));

/* get current Ouput Data Register value 
*/
  odr = GPIOx->ODR;

/* Set selected pins that were at low 
level, and reset ones that were high */
  GPIOx->BSRR = ((odr & GPIO_Pin) << 
GPIO_NUMBER) | (~odr & GPIO_Pin);
}

https://github.com/LAPSyLAB/ORLab-

STM32/tree/main/GPIO_LEDs

https://github.com/LAPSyLAB/STM32F4_Discovery_

VIN_Projects/tree/main/LED_GPIO_C_Baremetal_C

https://github.com/LAPSyLAB/STM32F4_Discov

ery_VIN_Projects/tree/main/LED_Blink_Demo

STM32F4STM32F4

VINVIN
RA, ORRA, OR

https://github.com/LAPSyLAB/ORLab-STM32/tree/main/GPIO_LEDs
https://github.com/LAPSyLAB/ORLab-STM32/tree/main/GPIO_LEDs
https://github.com/LAPSyLAB/ORLab-STM32/tree/main/GPIO_LEDs
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_GPIO_C_Baremetal_C
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_GPIO_C_Baremetal_C
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_Blink_Demo
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_Blink_Demo
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Vir: UM2217 - HAL and Low-layer drivers
STM32H7STM32H7

Programska knjižnica

Vsebuje predpripravljene 
funkcije za delo s sistemskimi 
in V/I napravami.
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Vzpostavitev začetnega projekta :

• Uvoz obstoječega (npr. BSP)

• Open projects from File System

• Select project(s)

• Nov projekt CubeMX ->

        (v nadaljevanju) 

Prevajanje, zagon :

• Project -> Build Project

• Run -> Debug

• Step (Into,Over), Breakpoints

CubeIDE: delo na STM32 sistemih
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Kopiranje projekta :

•Kopiranje CubeIDE projekta z CubeMX .ioc datoteko
•1) Edit > Copy (obstoječi projekt).
•2) Edit > Paste (nova lokacija).
•3) Preimenuj .ioc datoteko.
•4) Zbriši Debug.launch datoteko.
•5) Project > Clean.
•6) Generiraj kodo s CubeMX.
•7) Project > Build Project.
•8) Debug As Stm32 Application.
•9) Debug aplikacije.
•

•Kopiranje osnovnih CubeIDE asm,BSP C projekta
•1) Edit > Copy (obstoječi projekt).
•2) Edit > Paste (nova lokacija). 
•3) Delete the Debug.launch file.
•4) Project > Clean.
•5) Project > Build Project.
•6) Debug As Stm32 Application.
•7) And debug the application
•8) Add breakpoint on first instruction if necessary

CubeIDE: delo na STM32 sistemih
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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ SensorTile.box (kompaktna razvojna platforma)

 Edge Computing platforma

◼ STM AI ekosistem in Orange Data Mining
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Mikro USB priklop na daljši stranici

 (srednji !!!)

Priključitev :

• Mikro USB priklop na daljši stranici (srednji !!!)

Poseben začetni projekt in info za STM32H7 (e-učilnica,github):

• dodajanje vsebine (main.c):

Delo na STM32H7 razvojnem sistemu

Lastni viri :

https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects

https://github.com/LAPSyLAB/ORLab-STM32H7

STM32H7STM32H7

https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects
https://github.com/LAPSyLAB/ORLab-STM32H7
https://github.com/LAPSyLAB/ORLab-STM32H7
https://github.com/LAPSyLAB/ORLab-STM32H7
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CubeIDE – Vzpostavitev novega projekta s CubeMX

Nov projekt  : 

1 - New1 - New

2 – Poišči ploščo2 – Poišči ploščo

3 – Izberi ploščo - 

Next

3 – Izberi ploščo - 

Next
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Osnovni projekt CubeIDE – CubeMX 

Konfiguracija : priključki, knjižnice STM32H7 

4 – Preveri 

nastavitve

4 – Preveri 

nastavitve

STM32H7STM32H7
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/* Infinite loop */

  /* USER CODE BEGIN WHILE */

  while (1)

  {

    /* USER CODE END WHILE */

    /* USER CODE BEGIN 3 */

    snprintf (SendBuffer,BUFSIZE,"USART3:%d secs\r\n",Counter);

    HAL_UART_Transmit(&huart3,SendBuffer,strlen(SendBuffer),100);

    HAL_Delay(1000);

    Counter++;

  }

  /* USER CODE END 3 */

/* Private variables ---------------------------------------------------------*/

/* USER CODE BEGIN PV */
#define BUFSIZE 256
char SendBuffer[BUFSIZE];
int Counter;
/* USER CODE END PV */

Osnovni projekt CubeMX – USB Virtual COM Port 

Program :  za pošiljanje po USB Virtual COM Port (USART3)

5 – UART 

koda

5 – UART 

koda

7 – Debug 

project

7 – Debug 

project

6 – Build 

project

6 – Build 

project

STM32H7STM32H7
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Prevajanje, zagon :

• Project -> Build Project

• Run -> Debug

• Step (Into,Over), Breakpoints

CubeIDE – Zagon, debug

Build <->Debug 

project, …

Build <->Debug 

project, …
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GPIO Krmilnik

LED: rdeča PI13, zelena PJ2

STM32H7STM32H7
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Osnovni projekt CubeIDE – GPIO – tipka, LED diode

HAL - C
/* USER CODE BEGIN PV */
#define BUFSIZE 256
char SendBuffer[BUFSIZE];
int Counter;
int KeyState=0;

/* USER CODE END PV */

/* Infinite loop */
  /* USER CODE BEGIN WHILE */
  while (1)
  {

    HAL_GPIO_TogglePin(GPIOI, GPIO_PIN_13);

    KeyState = HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13);  

   HAL_GPIO_WritePin(GPIOJ, GPIO_PIN_2, KeyState);

    snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%d\r\n",Counter++,KeyState);

    HAL_UART_Transmit(&huart3,SendBuffer,strlen(SendBuffer),100);

    HAL_Delay(1000);

    /* USER CODE END WHILE */

    /* USER CODE BEGIN 3 */
   }
  /* USER CODE END 3 */

STM32H7STM32H7

5 – GPIO5 – GPIO

6 – USART 

COM Port

6 – USART 

COM Port
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/* Infinite loop */

  /* USER CODE BEGIN WHILE */
  while (1)
  {

    HAL_GPIO_TogglePin(GPIOI, GPIO_PIN_13);

    KeyState = HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13);  

   HAL_GPIO_WritePin(GPIOJ, GPIO_PIN_2, KeyState);

    snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%d\r\n",Counter++,KeyState);

    HAL_UART_Transmit(&huart3,SendBuffer,strlen(SendBuffer),100);

    HAL_Delay(1000);

    /* USER CODE END WHILE */

    /* USER CODE BEGIN 3 */
   }
  /* USER CODE END 3 */

/* Private variables ---------------------------------------------------------*/

/* USER CODE BEGIN PV */
#define BUFSIZE 256
char SendBuffer[BUFSIZE];
int Counter;
int KeyState=0;

/* USER CODE END PV */

Osnovni projekt CubeIDE – USB Virtual COM Port 

Program :  za pošiljanje po USB Virtual COM Port

7 – Delay7 – Delay

9 – Debug 

project

9 – Debug 

project

8 – Build 

project

8 – Build 

project

STM32H7STM32H7
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Osnovni projekt CubeIDE – USB Virtual COM Port  (USART3 na STM strani)

Program :  sprejem na PC strani (povezava z Micro-USB kablom)

10 – Test 

project

10 – Test 

project

https://the.earth.li/~sgtatham/putty/latest/w64/putty.exe

STM32H7STM32H7

https://the.earth.li/~sgtatham/putty/latest/w64/putty.exe
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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ SensorTile.box (kompaktna razvojna platforma)

 Edge Computing platforma

◼ STM AI ekosistem in Orange Data Mining
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Uvoz obstoječega projekta (npr. BSP… iz Github)

• Open projects from File System

• Select project(s)

Prevajanje, zagon :

• Project -> Build Project

• Run -> Debug

• Step (Into,Over), Breakpoints

CubeIDE: delo na STM32 sistemih
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LAPSyLAB         <https://github.com/LAPSyLAB> 

43

LAPSyLAB/STM32H7_Discovery_VIN_Projects

Z naslova <https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects> 

.settings Breadboard project added (initial preparation) last year

STM32H750-DK_BSP_Touch_Demo BSP Touch Demo project added (Basic starting BSP project) 2 weeks ago

STM32H750B-DK_Breadboard_VIN Update 2024 1.st 2 months ago

STM32H750B-DK_Buzzer_PWM_Demo Update 2024 1.st 2 months ago

STM32H750B-DK_C_CAN_IEX_Module_Base Minor update 4 days ago

STM32H750B-DK_I2C_Basic_Demo Update 2024 1.st 2 months ago

STM32H750B-DK_I2C_Touch_Demo Update 2024 1.st 2 months ago

STM32H750B-DK_VIN_Basic Update 2024 1.st 2 months ago

.gitignore Initial commit last year

.project Breadboard project added (initial preparation) last year

README.md Initial commit last year

https://github.com/LAPSyLAB
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/.settings
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/.settings
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/dbb07ccc61795bd74232b61aa7722327d7aafb68
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/dbb07ccc61795bd74232b61aa7722327d7aafb68
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/dbb07ccc61795bd74232b61aa7722327d7aafb68
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/dbb07ccc61795bd74232b61aa7722327d7aafb68
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/dbb07ccc61795bd74232b61aa7722327d7aafb68
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/dbb07ccc61795bd74232b61aa7722327d7aafb68
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/dbb07ccc61795bd74232b61aa7722327d7aafb68
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/00a9cb5eefea08ffc4ab9b502ef2e498b2758c85
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Breadboard_VIN
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Breadboard_VIN
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Breadboard_VIN
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Buzzer_PWM_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Buzzer_PWM_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_Buzzer_PWM_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_C_CAN_IEX_Module_Base
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_C_CAN_IEX_Module_Base
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_C_CAN_IEX_Module_Base
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/ed5043d9c2556f657a538e4d59046e2e1e064b1d
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Basic_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Basic_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Basic_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/735387d8199e32bee9f726c74beadca570463545
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/blob/main/.gitignore
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/26f6d7776ec3b5f90a87d7e488f5e0e6f4410f3e
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/blob/main/.project
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/dbb07ccc61795bd74232b61aa7722327d7aafb68
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/blob/main/README.md
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/commit/26f6d7776ec3b5f90a87d7e488f5e0e6f4410f3e
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LAPSyLAB      <https://github.com/LAPSyLAB> 
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LAPSyLAB/STM32H7_Discovery_VIN_Projects

Z naslova <https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects> 

◼ STM32H750-DK_BSP_Touch_Demo
 Vključuje HAL knjižnico in podporno kodo (BSP) za STM32H7

◼ BSP … Board Support Package
◼ - Ni generiran s CubeMX, vse spreminjamo ročno v kodi
◼ + delujejo zaslon, dotiki, ostale naprave

◼ STM32H750B-DK_VIN_Basic
 Vključuje HAL knjižnico in je generiran s CubeMX

◼ + generiran s CubeMX, lahko spreminjamo konfiguracije
◼ - ne delujejo zaslon, dotiki, ostale naprave

 Lahko pa se minimalna koda doda (nastavitve so večinoma že prisotne)

https://github.com/LAPSyLAB
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750-DK_BSP_Touch_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_VIN_Basic
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STM32CubeMonitor

https://wiki.stmicroelectronics.cn/stm32mcu/wiki/Category:STM32CubeMonitor 

https://wiki.stmicroelectronics.cn/stm32mcu/wiki/Category:STM32CubeMonitor
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STM32CubeMonitor



VIN – 12 – Predavanja                                                                                   © Rozman - FRII

TODO

◼ Workflow s Clickboard

Vrsta komunikacije (I2C, SPI, UART)

Protokol komunikacije (Podatk. Listina, 

knjižnica) ...

Od enostavnejših do kompleksnejših opravil

47
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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ SensorTile.box (kompaktna razvojna platforma)

 Edge Computing platforma

◼ STM AI ekosistem in Orange Data Mining
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Edge computing 
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Cloud AI vs. Edge AI

Oblak (Cloud AI)

• Visoka latenca (round-trip)
• Zahteva stalno omrežje
• Visoka poraba energije v podatkovnih centrih
• Zasebnost: podatki zapuščajo napravo
• Ne deluje pri izpadu omrežja

Edge AI (na napravi)

• Nizka latenca – odziv v realnem času
• Deluje brez omrežja
• Manjša poraba energije
• Podatki ostanejo na napravi (zasebnost)
• Manjši promet v omrežju

ABI Research: trg Edge AI MCU bo do leta 2030 dosegel ~1,8 milijarde enot letno
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Edge computing
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Edge computing
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Edge computing – moduli, tipala

LSM6DSOX adapter board 

for a standard DIL24 socket
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html 

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
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Edge computing – moduli, tipala
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Edge computing – moduli, tipala

LSM6DSOX adapter board 

for a standard DIL24 socket
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Edge computing – Optimizacija AI modelov

https://stm32ai-cs.st.com/home

https://stm32ai-cs.st.com/home
https://stm32ai-cs.st.com/home
https://stm32ai-cs.st.com/home
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Edge computing – Tensor Flow Lite in ARM Cortex-M4

https://spectrum.ieee.org/machine-learning-thats-

light-enough-for-an-arduino 

A BIT OF FUN: After she created an 

Arduino-compatible version of TensorFlow

Lite, the author adapted a voice-

recognition demo so that pressing a 

button and speaking into a microphone 

attached to a SAMD51-based PyGamer 

would play back different animations.

https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
https://spectrum.ieee.org/machine-learning-thats-light-enough-for-an-arduino
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STM – Edge Computing resources
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STM – Transforming Edge AI:

The power of neural processing units in modern microcontrollers

ST announces the first member of its 

Neural-ART Accelerator series: a 

purpose-designed NPU with highly 

parallelized hardware co-processor 

that’s available for the main embedded 

application to assign AI workloads.

Whitepaper-transforming-edge-ai-with-npus-in-microcontrollers

https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
https://www.st.com/content/ccc/resource/premium_content/document/group0/1c/ab/02/e9/9f/0f/4c/6e/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers/files/whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf/_jcr_content/translations/en.whitepaper-transforming-edge-ai-with-npus-in-microcontrollers.pdf
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NPU – Neural Processing Unit

Zakaj standardni MCU (CPU) ni dovolj za AI inferenco?

Nevronske mreže zahtevajo množico operacij akumulacije in množenja (MAC) z velikim dostopom do pomnilnika –

klasična sekvenčna arhitektura (fetch–decode–execute) tega ne more izvesti učinkovito.

Lastnost CPU GPU NPU

Primarna vloga Splošna obdelava Grafika, paralela Pospeševanje NN

Arhitektura Malo jeder, visoka ura Mnogo malih jeder, SIMD Specializirana jedra za NN

Učinkovitost energije Zmerna Zmerna–visoka Visoka

Primerna za Splošno računanje Grafika, ML treniranje Edge AI, IoT, inference

ST Neural-ART Accelerator – ST-ov NPU integriran v STM32 mikrokrmilnike
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ST Neural-ART Accelerator

STMicroelectronics – prvi NPU v seriji Neural-ART Accelerator integriran v STM32 mikrokrmilnike

Arhitektura NPU

• Večkratni specializirani HW pospeševalniki
• Rekonfigurabilni dataflow stream engine
• Konvolucijski pospeševalniki (Conv Acc)
• Fiksna vejica: 8-bitna ali 16-bitna aritmetika
• Podpira 130+ operatorjev (ONNX, TF, Keras)

Prednosti in orodja

• STM32Cube.AI – konverzija modelov v C kodo
• ST Edge AI Developer Cloud – online bencmarking
• ST Edge AI Model Zoo – predtrenirani modeli
• ST Edge AI Suite – celovit razvijalski paket
• Podpira TensorFlow, Keras, ONNX, PyTorch, MATLAB
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Benchmark: Neural-ART vs. Cortex-M55

Primerjava inference časa – STM32 z Neural-ART Acceleratorjem vs. Cortex-M55 @ 400 MHz

Model CPU: čas (ms) CPU: fps NPU: čas (ms) NPU: fps Izboljšanje

MobileNet v1 2244 0.45 19.4 51.5 ×116

MobileNet v2 1385 0.72 21.1 47.5 ×66

Tiny Yolo v2 3895 0.26 30.6 32.7 ×127

Yolo v8n 1821 0.55 31 32.3 ×59

YAMNet (zvok) 252 3.97 9.8 101.7 ×26

Primer 1 – People detection (Yolo v8, 320×320): 26 fps v realnem času na STM32N6

Primer 2 – Smart city (TinyYolo v2, 416×416): 18 fps – klasifikacija vozil in pešcev

Vir: ST Microelectronics – Transforming Edge AI with NPUs in Microcontrollers (dec. 2024)
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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ Edge Computing 

◼ SensorTile.box (kompaktna Edge AI razvojna platforma)

◼ STM AI ekosistem in Orange Data Mining
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All features

• Easy-to-use app with immediate functionality for the following motion and 

environmental sensor applications:

• Pedometer optimized for belt positioning

• Baby crying detection with Cloud AI learning

• Barometer / environmental monitoring

• Vehicle / goods tracking

• Vibration monitoring

• Compass and inclinometer

• Sensor data logger

• Expert Mode with additional sensor app parameter settings

• Compact board with the following high precision sensors:

• Digital temperature sensor (STTS751)

• 6-axis inertial measurement unit (LSM6DSOX)

• 3-axis accelerometers (LIS2DW12 and LIS3DHH)

• 3-axis magnetometer (LIS2MDL)

• Altimeter / pressure sensor (LPS22HH)

• Microphone / audio sensor (MP23ABS1)

• Humidity sensor (HTS221)

• Ultra-low-power ARM Cortex-M4 microcontroller with DSP and FPU 

(STM32L4R9)

• Bluetooth application processor v5.2 (BlueNRG-M2) which replaces the 

SPBTLE-1S Bluetooth Smart connectivity v4.2 module of the board previous 

batches

STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html 

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem
SensorTile.box wireless multi sensor development kit with user friendly app for IoT and wearable sensor applications

Z naslova <https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html> 

STEVAL-MKSBOX1V1   https://www.st.com/resource/en/data_brief/steval-mksbox1v1.pdf

How to use the wireless multi-sensor development kit with customizable app for IoT and wearable sensor applications

https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-
customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf

Getting started with the SensorTile.Box (STEVAL-MKSBOX1V1)
Z naslova <https://www.youtube.com/watch?v=jJZNMsNRG1U&ab_channel=STMicroelectronics> 

SensorTile.Box : Basic Mode
Z naslova <https://www.youtube.com/watch?v=svbT6e0T5_A&ab_channel=STMicroelectronics> 

SensorTile.Box : Pro mode
Z naslova <https://www.youtube.com/watch?v=_SHY-jzcRNY&ab_channel=STMicroelectronics> 

SensorTile.box : Expert Mode
Z naslova <https://www.youtube.com/watch?v=A3lj1VXh9SM&ab_channel=STMicroelectronics> 

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html 

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
https://www.st.com/resource/en/data_brief/steval-mksbox1v1.pdf
https://www.st.com/resource/en/data_brief/steval-mksbox1v1.pdf
https://www.st.com/resource/en/data_brief/steval-mksbox1v1.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
https://www.st.com/resource/en/user_manual/um2580-how-to-use-the-wireless-multi-sensor-development-kit-with-customizable-app-for-iot-and-wearable-sensor-applications-stmicroelectronics.pdf
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Edge AI projekt 1 – MNIST CNN na STM32H750B

STM32H750B-DK

• LCD Touch Screen (480×272 px)
• Cortex-M7 @ 480 MHz + FPU
• 1 MB RAM, 2 MB interni Flash
• 128 MB NOR Flash (MT25TL01G) @ 0x90000000
• → uteži nevronske mreže v zunanjem Flash-u

CNN arhitektura in potek

• MNIST: 60K učnih + 10K testnih slik (28×28 px)
• CNN: Conv2D(32) → Pool → Conv2D(64) → Dense(64) → 

Softmax(10)
• Točnost: ~95–98% na testni množici
• Kvantizacija float32 → int8: 4× manjše uteži
• STM32Cube.AI → optimizirana C koda

Zakaj NOR Flash za uteži? Interni Flash (2 MB) ne zadostuje za celoten model.

GitHub: github.com/bernardkuchler/STM32H750B-DK_with_MNIST_handwritting_CNN
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◼ Flash: 128 KB + 2×512 MB zunanji NOR flash (Quad SPI)

◼ LCD zaslon na dotik

◼ STM32H750XBH6 (480 MHz CPE)

◼ Pytorch in X-CUBE-AI (ONNX)

◼ 200 KB nevronska mreža

Edge AI projekt 1 – MNIST CNN na STM32H750B
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Edge AI projekt 2 –
Diploma: Uporaba modelov strojnega učenja v vgrajenih sistemih

SensorTile.box

(MEMS Studio)

LSM6DSOX IMU

26–52 Hz

CubeIDE

(VS Code)

Sprejem CSV

prek USB CDC

Orange DM

Unicleo GUI

Normalizacija

Ekstrakcija znač.

Odločitveno drevo

Modeli ML

DTree, kNN, RF, SVM

MLP

Prevod

→ C knjižnica

LSM6DSOX, STM32H7

GitHub: github.com/bernardkuchler/Orange-on-SensorTile.box 

Uporaba modelov strojnega učenja v vgrajenih sistemih
Kuchler, Bernard (Avtor), Rozman, Robert (Mentor) Več o mentorju...

Izvleček

Cilj diplomske naloge je izkoristiti prednosti splošnih okolij za učinkovito tvorbo modelov 

strojnega učenja (Orange) in te modele ustrezno prilagoditi za izvedbo v vgrajenih sistemih. 

Slednji namreč imajo omejene vire in prilagoditev modelov pogosto ni enostavno opravilo. 

Splošna orodja te prilagoditve modelov običajno ne podpirajo, obstajajo pa namenska orodja 

proizvajalcev vgrajenih sistemov za tvorbo prilagojenih modelov, ki pa so precej bolj omejena 

glede funkcionalnosti in izbire modelov. V tej nalogi smo zato poskušali izkoristiti prednosti obeh 

vrst razvojnih okolij. Modele smo tvorili v splošnem orodju Orange in jih nato s pomočjo različnih 

pristopov in namenskih orodij prilagajali za učinkovito uporabo v vgrajenih sistemih. Pri tem smo 

napisali več različnih dodatnih programov v programskih jezikih Python in C. Prispevek našega 

dela so poleg programov še splošna priporočila za uporabo modelov v vgrajenih sistemih in 

podrobno opisani postopki za enostavno izdelavo modelov strojnega učenja v okolju Orange in 

njihovo učinkovito prilagoditev za uporabo v vgrajenih sistemih. Na tej osnovi lahko odločitve in 

postopke izvedejo tudi uporabniki z manj izkušnjami na področju strojnega učenja. Omenjene 

postopke smo preizkusili na dveh praktičnih primerih klasifikacije in razpoznave ter analizirali 

učinkovitost in uspešnost modelov v vseh korakih od splošnega okolja do uporabe na vgrajenih 

sistemih. Ugotovili smo, da so modeli primerljivo uspešni tudi pri uporabi na bolj omejenih 

vgrajenih sistemih. Vse izdelano v okviru diplomske naloge je javno dostopno v repozitoriju 

GitHub [11] in na voljo za nadaljnje izboljšave.

Z naslova <https://repozitorij.uni-lj.si/IzpisGradiva.php?id=150167> 

https://repozitorij.uni-lj.si/Iskanje.php?type=napredno&stl0=Avtor&niz0=Kuchler+Bernard&lang=slv
https://repozitorij.uni-lj.si/Iskanje.php?type=napredno&stl0=Avtor&niz0=Rozman+Robert&lang=slv
https://repozitorij.uni-lj.si/Statistika.php?cmd=mentor&id=23646
https://repozitorij.uni-lj.si/IzpisGradiva.php?id=150167
https://repozitorij.uni-lj.si/IzpisGradiva.php?id=150167
https://repozitorij.uni-lj.si/IzpisGradiva.php?id=150167
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Edge AI projekt 2 –
Diploma: Uporaba modelov strojnega učenja v vgrajenih sistemih

SensorTile.box

(MEMS Studio)

LSM6DSOX IMU

26–52 Hz

CubeIDE

(VS Code)

Sprejem CSV

prek USB CDC

Orange DM

Unicleo GUI

Normalizacija

Ekstrakcija znač.

Odločitveno drevo

Modeli ML

DTree, kNN, RF, SVM

MLP

Prevod

→ C knjižnica

LSM6DSOX, STM32H7
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Tečaji, tutoriali, predavanja...   

https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/SitePages/Te%C4%8Daji.aspx 

https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/SitePages/Te%C4%8Daji.aspx
https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/SitePages/Te%C4%8Daji.aspx
https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/SitePages/Te%C4%8Daji.aspx
https://unilj.sharepoint.com/sites/LAPSYEmbeddedAcademy/SitePages/Te%C4%8Daji.aspx


VIN – 12 – Predavanja                                                                                   © Rozman - FRII

Edge AI projekt 3 –
SensorTile.box: zajem, učenje in klasifikacija gibov v 5 razredov
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12.b VIN projekt in SensorTile.box

◼ Praktična naloga - VIN Projekt

 Razvojne plošče

 Viri (gradiva, posnetki, primeri, …)

 Osnovna projekta v CubeIDE: 

◼ CubeMX (HAL knjižnica, BSP) – STM32H7, STM32F4

 CubeMX – osnovni projekt (GPIO – tipka, LED diode, USART)

 BSP – osnovni projekt (Touch, LCD)

◼ Edge Computing 

◼ SensorTile.box (kompaktna Edge AI razvojna platforma)

◼ STM AI ekosistem in Orange Data Mining
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Razvojna orodja

• STM32CubeIDE
• STM32CubeMX
• AlgoBuilder (grafično)
• VS Code + STM32 ext.

ML orodja

• STM32Cube.AI
• MEMS Studio
• UniCleoGUI
• X-CUBE-AI paket
• Edge Impulse (oblak)

Strojna oprema

• STM32H7 serija
• SensorTile.box
• NUCLEO plošče
• STM32H750B-DK

NanoEdge AI Studio: AutoML pristop – brez ročnega programiranja modela · anomaly detection · od 1 kB RAM

• STM32Cube.AI – konverzija Keras/TFLite → optimizirana C koda za STM32
• AlgoBuilder – vizualno grafično orodje (podobno Simulinku), izvoz podatkov prek USB CDC / BLE
• Edge Impulse – oblačna platforma: spektralna analiza, MFCC, deploy na STM32 / Arduino

STM AI Ekosistem
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Orange Data Mining – vizualno ML orodje

Odprtokodna platforma FRI (Biolab skupina, Univerza v Ljubljani)

orangedatamining.com

Uvoz & predprocesiranje

• File (CSV/Excel/tab)
• Data Sampler
• Preprocess (normalize, impute)
• Feature Constructor
• Select Columns

Modeli ML

• kNN · Odločitveno drevo
• Random Forest
• SVM · Naive Bayes
• Neural Network (MLP)
• Logistic Regression

Vrednotenje

• Test and Score (CV, F1, AUC)
• Confusion Matrix
• ROC Analysis
• t-SNE vizualizacija
• Scatter Plot / Heat Map

Orange potek za IMU podatke:

File (CSV) → Preprocess (z-score) → Feature Constructor → Random Forest / kNN / SVM → Test & Score → Confusion Matrix
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