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12.b VIN projekt in SensorTile.box

[ m PraktiCha naloga - VIN Projekt }
1 Razvojne plosce
0 Viri (gradiva, posnetki, primeri, ...)

1 Osnovna projekta v CubelDE:

m CubeMX (HAL knjiznica, BSP) — STM32H7, STM32F4
1 CubeMX — osnovni projekt (GPIO — tipka, LED diode, USART)
1 BSP — osnovni projekt (Touch, LCD)

m SensorTile.box (kompaktna razvojna platforma)
1 Edge Computing platforma

m STM Al ekosistem in Orange Data Mining
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VIN Projekt — Navodila

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

Porocilo oblikujte v PDF obliki. Dodajte tudi infografiko (graficni povzetek
vaSega projekta) in video posnetek. Vse datoteke (skupaj s porocilom) dajte
v zip arhiv in oddajte (video lahko tudi kje objavite ali kako drugace 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 priporo¢amo, da objavite tudi javno (GitHub, https://video.arnes.si/,
Youtube, ...), skupaj z multimedijskimi datotekami (video posnetek
delovanija, porocilo, 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.

zrezke's b|Og Mansion Of Terror (WebGL game) CV

Snake game on 8x8 LED matrix using the
STM32F4 discovery board.

Feb 23, 2022 - Filip Jeretina

In this post we will be implementing a snake game on bare metal. This means we will only use assembly
and registers, without any fancy tools such as the CUBEMX :)

Parts list

® STM32F407G-DISC1 board

e 8x8 LED MATRIX with MAX7219 display driver.
e Joystick module

o Wires with female to female dupont connectors

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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Hribowvksi spremljevalec =

Preberi.me
sreda, 16. marec 2022 18:09 I[omentarji. ideje

Mesalec pijal »

Tukaj lahko objavljate svoje vsebine, vas VIN projekt:
* Naredite svojo stran z naslovom VIN projekta
* Naredite lahko podstrani z razli¢nimi vsebinami (viri, gradiva, sheme, ...)
* Imejte kopijo v svojem osebnem zvezku - tukaj lahko spreminjamo vsi vsebino.

Mesalnik glasnosh
Vizualizadja zvoke Sistern DRO za merilne

(ing senzor

Predstavitev projekta : FireAlarm »

* Porocilo v PDF obliki (s tekstovnim povzetkom in infografiko na prvi strani) . ; _
o Objavite tudi na svoji strani v tem zvezku ali spletnem blogu *ooF - pametni loncek * dja predmetov v gibanju in

* Infografika - grafi¢ni povzetek projekta

* Kratek video posnetek - poljete nam ali objavite sami (link) Sistern za spremljanje nivoja v.. Laser tag

* Priporodilo: GitHub: opis projekta (Readme.md) in koda )
alkulator z mehanicnimi stikali = Infrarc kamera

Vse datoteke oddajte v .zip na e-ucilnico (ce prevelika, izpustite video).
Vsaj del vsebine objavite tudi v OneNote zvezku VIN. { e the Calorad "‘-”I e

MFC reader na HT

Primer odli¢nega opisa projekta (informativen, izobrazevalen, ponovljiv): varje

Merilec termperature =
Snake game on 8x8 LED matrix using the STM32F4 discovery hoard. | zrezke's blog . ; PlantHealth - Nega rastlin

) i Bulet na HT =
Pametm pastir za go

MNeimenovana stran *

T-rex runner =
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12.b VIN projekt in SensorTile.box
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VIN Projekt — Osnovna platforma
STM Discovery F4 (Cortex M4) STM32F407 ST Discovery

*STM32F407VGT6 microcontroller featuring 32-bit
Arm® Cortex®-M4 with FPU core, 1-Mbyte Flash memory and ST M 32
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 1/Os

for quick connection to prototyping board and easy

d

L

probing
*External application power supply: 3V and 5V
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"  NVINProjekt — Ostale platforme
STM Discovery MP1 (2xCortex A7 + 1xCortex M4) ST Discovery STM 32M P1 57C

*«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 STM3 2 MP 1
*USB OTG HS STM 32

*Audio codec
*4 user LEDs
2 user and reset push-buttons, 1 wake-up button
*5V /3 AUSB Type-CTM power supply input (not provided)
*Board connectors:
*Ethernet RJ454 x USB Host Type-AUSB Type-
CTM DRPMIPI DSISMHDMI®Stereo headset jack
including analog microphone inputmicroSDTM cardGPIC
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 480x800 pixels with LED backlight, MIPI
DSISM interface, and capacitive touch panel
*Wi-Fi® 802.11b/g/n
*Bluetooth® Low Energy 4.1

VIN — 12 — Predavanja © Rozman - FRI



VIN Projekt — Osnovna platforma
STM32H750B-DK Discovery razvojni sistem

*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
*SAl 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+

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
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Breadboard vezava — STM32H7

Priklju€itev na STM32 : 1x analogni,
1x digitalni vhod, 1x digitalni izhod

" Testno vezje (primer) - STM32H7 :
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STM32H750B — DISCOVERY StMod+ konektor
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STM32H750B — DISCOVERY StMod+ konektor
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3.3V !

STM32H750B — DISCOVERY StMod+ konektor
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Figure 5. STM32H745I-DISCO and STM32H750B-DK Discovery board bottom layout
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LAPSY Embedded Academy

LAPSy Embedded Academy - Home (sharepoint.com)

8 o @ g {
—— -
Diplomska dela
unilj sharepoir
Razli¢ni $tudentski projekti iz prejsnjih Solskih let. Razli¢ni krajsi tecaji z izbranimi tematikami Izbrana di

Izbrani projekti (RA, OR, VIN)

Forms Forms

VIN PROJ 2023 Zaznavanje ¢loveka z
matriéno termo kamero_Jakob_jelovéan

Rozman, Rob:
4 & 8,

_Studentski projekti pri predmetih RA,
OR in VIN (RAVINOR Projekti)_Krajsi...

Rozman, Rol
4 Ed 1

Ostale izbrane vsebine (diplome, tecaji, ...)

o =3
Forms Forms

VSP DIPL 2024 Samodejni toilni
sistem_Bine Lipu$§

Rozman, Robert
&

VSP DIPL 2023 Preizkusanje seizmografa
s spustom utezi_Luka Macek

Rozman, Robert
& «

See all

Forms Forms

VIN PROJ 2023 STM32H7 in LCD- VIN PROJ 2023 Krmiljena RGB
1602A_Nejc Vene dioda_Gregor Voléanjk

Rozman. Rob Rozman, Rob
4 Edited Apr s, e 8

10f 12

See all

Forms Forms

VSP DIPL 2023 Biomimeti¢na
antropomorfna robotska roka_Nejc...

Rozman, Robert
‘%‘ Edited Apr

_Izbrane diplomske naloge (Diplome)

Rozman, Robert
E% 4
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LAPS edded Aca

Vhodno izhodne naprave (VIN)

emy — VIN LAB

sharepoint.com)

odno izhodne naprave (VIN)

Laboratorijske vaje

Priprava na izvedbo VIN projekta - STM32H7 (VIN LAB I)

See all

LAPSy Embedded Academy

VIN LAB 01.02 Osnove za VIN
Projekt_Uvod in osnovne vezave v...

LAPSy Embedded Academy

_VIN LAB 01-06 Priprava na izdelavo VIN
projekta (VIN-LAB Projekt)_Krajsi...

LAPSy Embedded Academy

VIN LAB 01.01 Osnove za VIN

Projekt_Splo3ino o tipalih.mp4
Rozman, Robert Rozman, Robert

‘i‘l Edited April 15 #  Edited April 15

Rozman, Robert
4 Edited April 15

Prakti¢ne laboratorijske meritve z osciloskopi, generatorji (VIN LAB I1)

~

>

LAPSy Embedded Academy

LAPSy Embedded Academy

_VIN LAB 07-12 Meritve odbojev,
presluhov, ocesnih vzorcev in tipal (VI...

LAPSy Embedded Academy

VIN LAB 07.01 AV1 - Simulacija vezij v
orodju LTSpice_Uvod v LTSpice.mp4

VIN LAB 07.01 AV1 - Simulator vezij
LTSpice_Uvod v LTSpice.mp4

Rozman, Robert Rozman, Robert Rozman, Robert
& #®  Edited April 13 § 4 April 13 & #  Edited April 8
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LAPSy Embedded Academy

VIN LAB 02.01 TinkerCad in
Arduino_Uvod v potek LAB vaj.mp4

Rozman, Robert
G%'l Edited April 15
1of 12

See all
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LAPSY Embedded Academy — OneNote zvezek

LAPSyY Embedded Academy - Home (sharepoint.com)

a: LAPSy Embedded Academy zvezek v 9

_KnjiZnica vsebine Aktualno

Preberi me

torek, 19. april 2022 14:32

Tukaj zbiramo ideje za teme VIN projektov

Diplome

VIN Projekt - Ideje *

VIN Projekti - Done »

Moduli, Tipala

STM32

LAB Oprema *

Literatura, viri »

Vsebine-TODO Projekt-Delo

+

Q krvna

Preberi me
Spletni viri
> Teme, podroda *
v Prakti¢ni LAPSYLAB
STM32F4 Shield + Click boards
GLEIH
Model H
Arduino Smart Home Kit
CANBUS - [EX modul
LSM6DSOX kosov na vol
Breadboard samogradnja
Gibanje
Joystick
DIY osciloskop STM32

Arduino

Upornost/prevodnost koze

STM32H7508B DK + dickboards
STMod+ konektor

STM32F4 Shield + Click boards
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LAPSYy Embedded Academy — MS Teams

< Vse skupine

LAPSy Embedded Academy

Domaca stran
Class Notebook
Classwork
Dodeljene naloge
Ocene

Reflect

Insights

¥ Glavni kanali

Splo3no

1. Assembly programming ARM | (RA-LAB-E...

=

. Programiranje v zbirniku ARM | (RA-LAB)
. Programiranje v zbirniku ARM Il (OR-LAB )

. Programiranje v zbirniku ARM IlI (Razv. plo...

. Programiranje v C (OR,VIN-LAB-STM32H7)

2

3

4

5. Ra¢unalnitka arhitektura (RA)
6. Organizacija ra¢unalnikov (OR)
7. Vhodno izhodne naprave (VIN)
8. Projekti

9. Tecaji, diplome in ostale vsebine
Datote¢na shramba

Discussion

Dokumentacije, gradiva

L8 8. Projekti Objave Datoteke v  Notes

T Nalozi ~ & Uredivmreznem pogledu & Dajvskupnorabo € Kopiraj povezavo <& Sinhronizacija

8. Projekti > Vsebine projektov

]

Name ~

STM32F4

STM32H7

VIN PROJ 2023 Analiza senzorjev CO2, tem...

VIN PROJ 2023 APC1 in Arduino - Merjenje ...

VIN PROJ 2023 Pametna IR kamera 8x8_Jak...
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April 24

April 24
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Video_channel ~

LAPSy Embedded Academy
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" STM32H7

Spletni viri

Full range of STM32H7 training courses
available online

)G 01 - Introduction

MOOC - STM32CubelDE
basics

smart home

STMicroelectronics
13 videos 192,894 views Last updated on Jan 3,...

=5 £

P Playall >Z Shuffle

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.
. . . e . . Learn how to create your STM32 based
These courses provide helpful instructions and specific information on how to design __ .
L. ) L application using STM32CubelDE
applications that take advantage of the STM32H7’s performance capabilities. S TMBICULRIDE con b tacd 1o ooate
More than 60 specific training modules focus on teaching the skills and knowledge applications for STM32 devices using

for getting the most performance from STM32H7 MCUs for your applications. STM32Cube libraries (HAL and Low Layer
versions).

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

STM32CubelDE basics - 11 USART HAL lab

Z naslova <https://qithub.com/STMicroelectronics/stm32h750b-dk-bsp>
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Istor using Hall Effect sensor




VP — Primeri projektov STM32F4, H7 — 21/22

] e
> L

F4: Air Mouse

3D Sonar

et
.. .

il =1 STMI2HTS0B-DK

-.-:__ H7: Circle Popper
Pyerwith LCD https://github.com/LAPSyLAB/STM32F4 Docs_and_Examples/

FA4: \Wave

VIN — 12 — Predavanja © Rozman - FRI


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

" J
Termo kamera - LIR tipalo Smarteh IZZlVl

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

Poleg tega prilagam 3e link: https://github.com/kolan51/ModbusLIR2example, do GitHub
repozitorija, kjer se nahaja osnovna python skripta, ki jo lahko uporabite, kot osnovo za izdelavo vasih
lastnih projektov.

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

3000

2200

Posiljam Se dodatni projekt kolega Domna, kot sem obljubil véeraj:

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 véeraj. Tudi ta projekt
lahko uporabite kot osnovo za nadaljnje delo.

uuuuu

2600

Table 1: Features

VIN PROJ 2023 Pametna IR kamera 8x8 Jakob Jelovcan

Infrared array sensor 12 x 16 Pixel

Light indication

Smarteh LIR2 Tipalo Modbus RTU communication protocol
2 analog outputs 0 .. 10V
IP65

VIN PROJ 2023 Pametna IR kamera 8x8 Jakob Jelovcan

VIN PROJ 2023 Zaznavanije Cloveka z matri€no termo kamero_Jakob jelov€éan.mp4

Infrared array
sensor

WHITE  +U

YELLOW GND

ERUWNARSASE A 2L windows PowerShell

GREEN RS485-B

PINK AO1 - Analog Output 1 PS C:\Us akob\git\LIR2> pythen3 .\classificator.py models/convolutional_model.pt CoMy
Person p. : True

GREY AO2 - Analog Output 2
Light sensor
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|zZIVI

Zaznavanje potnikov v ladijski kabini - Smarteh

a.) kot prvi, in upam da ne prezahteven cilj, bi Zeleli razviti algoritem za
detekcijo ljudi v prostoru. Tukaj nas Se ne bi zanimalo Stevilo ljudi,

pac pa samo njihova prisotnost, tudi ¢e so v "mirovanju->spanje". Klasi¢ni
PIR senzor tukaj odpove, in to bi radi nadgradili za

potniSke kabine na ladji (sliki v priponki, Stevilke v kvadratkih so razdalje v
mm).

b.) kot drugi korak pa bi poiskusali detektirati Stevilo ljudi v prostoru. Ja, ta del

bo zahtevnejsi, mogode za zacetek, e uspemo prepoznati enega, dva in ved
kot dve osebi.

Oboje bi morali znati implementirati na napravi sami (matri¢ni termo senzor
obdelujemo na enem od ST ukontroler-jev), kar pomeni delo z omejenimi
resourci -> implementacija preprostejsih algoritmov. Obdelava pa PC-ju tukaj
odpade, razen v zaCetni fazi -> fazi u¢enja pred fazo optimizacije.

‘5 Recommended products:
| &S VLS3L7CX and VL53L8CX selection guide |

\ VL53L7CX @ VL53L8CX

60° x 60° 45° x 45°
(90° diagonal) (65° diagonal)
Up to 8x8 (64 zones)
Autonomous low power mode

External synchronization pin

| i 100% compatible

| | I*C (1 MHz) I2C (1 MHz) gnd

| 350 cm

l  Under ambient light™ 65 cm

| jpéi._;liﬁpﬁpn"; 4.5mW

l Module size 6.4 x 3.0 x 1.6 mm AR5 e

© Rozman - FRI

‘ "’ * Best conditions using white target (88% reflectance)
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Be.cugrentes | POWEH ( at1hz and with 3.3 V analog and VCSEL supply.




Primer uporabe virov: Podatkovne listine, knjiznice, -~.

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. ...
Interface 12C

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

Programska knjiznica
Delujo¢a demo koda

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>

Podatkovna listina (Datasheet)
Vsebuje informacije o tipalu...

SENSIRION

THE SENSOR COMPANY

Preliminary Datasheet SGP40
Indoor Air Quality Sensor for VOC Measurements

4 Digital Interface Description

4.1 General Considerations

For driver integration incl. utilization of Sensirion’s VOC Algorithm, please refer to the application note SGP40 Driver Integration
(for Dedicated 2C Hardware). All SGP40 commands consist of two bytes (16 bits). The commands must not be followed by a
CRC. Additionally, data sent to and returned from the sensor is transferred in packets of two bytes (16 bits) followed by a 1-byte
(8 bit) CRC.

4.2 12C Address

The sensor's I2C address is 89 (decimal; hex.: 0x59). The I?C header is formed by the I?C address followed by a read or write
bit.

E
@

T T T T T LI
12C address [6:0] ‘M‘ﬁ” command [15:8] ‘H‘ command [7:0] ‘E‘T»g
|

g2

DFL»‘ data [15:8] HQ‘ data [7:0] M CRC[7:0] H data [15:8] ‘k” data [7:0] H CRC[7:0] j
[ - =
i —

Figure 10 Possible 12C command sequences for communicating with the SGP40. Dark areas indicate that the sensor controls the SDA (data)
line. First, the 12C master sends the write header writing a 16-bit command, potentially followed by two words of data with CRC bytes. For
reading the measured data, the 12C master sends the read header and receives one word of data with CRC byte.

T (N B
12C address [6:0] HR‘E” data [15:8]

T T T
-

=
=

data [7:0 ||g‘| CRC[7:0]

4.7 I2C Commands
The available measurement commands of the SGP40 are listed in Table 8.

Command Ci i hex. | P length Resp length Measurement duration
code including CRC including CRC [ms]
[bytes] [bytes] TTn. Max.
5gp40_measure_raw 0x26 OF 6 3 25 30
sgp40_measure_test 0x28 0E - 3 240 250
sgp40_heater_off 0x36 15 - - 0.1 1

Table 8 I2C commands available for SGP40.
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12.b VIN projekt in SensorTile.box

m PraktiCha naloga - VIN Projekt
1 Razvojne plosce
01 Viri (gradiva, posnetki, primeri, ...)

[ Osnovna projekta v CubelDE: }

m CubeMX (HAL knjiznica, BSP) — STM32H7, STM32F4
1 CubeMX — osnovni projekt (GPIO — tipka, LED diode, USART)
1 BSP — osnovni projekt (Touch, LCD)

m SensorTile.box (kompaktna razvojna platforma)
1 Edge Computing platforma

m STM Al ekosistem in Orange Data Mining
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Osnovni projekt CubelDE — GPIO — razli¢ni nivoji programiranja

Baremetal - zbirnik

INTT T0:
push {r5, ré6, 1lr}
// Enable GPIOD Peripheral Clock (bit 3 in AHBLENR register)
ldr r6, = RCC_AHBIENR / Load peripheral clock reg address to ré
ldr r5, [ré] // Read its content to r5
orr r5, 0x00000008 // Set bit 3 to enable GPIOD clock
str r5, [ré] // store result in peripheral clock register

// Make GPIOD Pinl2 as output pin (bits 25:24 in MODER register)

Baremetal - C

/* USER CODE BEGIN 2 */

RCC->AHB1ENR |= 0x08;
// Enable clock for GPIOD

HAL - C

/* Infinite loop */

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

{

ldr 16, =GPIOD BASE // Load GPIOD BASE address to ré GPIOD->MODER |= 0x01000000; // HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);
1dr r5, [r6,#GPIOD_MODER] // Read GPIOD MODER content to r5 . . .
and 5, 0x00FFFEFF // Clear bits 21-74 for P12-15 MODE Register: bit 12 == out
orr r5, 0x55000000 // Write 01 to bits 31-24 for P12-15 /* USER CODE END WHILE */
str r5, [ré] // Store result in GPIOD MODER register /* USER CODE END 2 */
{r5, ré, }
pop TR e e /* USER CODE BEGIN 3 */
/* Infinite loop */ HAL_Delay(1000);
LED_ON:| /* USER CODE BEGIN WHILE */ }
push {r5, ré, 1r} : * *
// Set GPIOD Pins to 1 (through BSSR register) while (1) / USER CODE END 3 /
1ldr ré, =GPIOD_BASE // Load GPIOD BASE address to ré {
mov r5, #LEDs ON - - .
str r5, [r6,#aPIODiBSSR] // Write to BSRR register GPIOD->ODR "= 9X1009’ //
pop {r5, ré, pc} Toggle PD12
LED OFF: i i *
— /* USER CODE END WHILE */ V?ld HAL_GPIO_T?gglePln(GPIO_TypeDef GPIOX,
// Set GPIOD Pins to 0 (through BSSR register) uint16_t GPIO_Pin)
1ldr ré, =GPIOD_BASE // Load GPIOD BASE address to ré % {
mov r5, #LEDs OFF /* USER CODE BEGIN 3 */ . .
str  r5, [r6,4GPIOD BSSR] // Write to BSRER register for (int i=8; i<0x1000000; i++) {}; uint32_t odr;

pop {r5, ré, pc} .
// waste some time
} /* Check the parameters */

7% USER CODE END 3 */ assert_param(IS_GPIO_PIN(GPIO_Pin));

https://github.com/LAPSyLAB/ORLab-
STM32/tree/main/GPIO LEDs

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

https://qithub.com/LAPSyLAB/STM32F4 Discovery
VIN Projects/tree/main/LED GPIO C Baremetal C

/* 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/STM32F4 Discov
ery VIN Projects/tree/main/LED Blink Demo

RA, OR
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Vir: UM2217 - HAL and Low-layer drivers

Bookmarks ~

£ R[S 5| Mron AE Programska knjiznica "—, UM2217
3 life.augmented
1 General information "
W+ 2 Acronyms and definitions Vsebuje pred prlpraVIJene User manual
. 3 Support of dual-core .. . . .
S s funkcije za delo s sistemskimi Description of STM32H7 HAL and low-layer drivers
i 5 Overview of lowlayer in V/I napravami. This section contains the following APIs:
@it 6 Cohabiting of and . - - i
e S EAL sy:te?n D:VA; 5 This section contains the following APls: HAL_!ncT;f:k()
B2 1 Ao e e . HAL_USART_Transmit() T DAL GetTickO
ke 10 HAL CEC Generic Driver “ HAL_USAR T_Receweo ’ HAL_GetTfCKPHOO
e 11 HAL COMP Generic Driver This section contains the following APls: HAL USART_TfﬂnsmﬂRece;'VE(j . HAL_SetTickFreq()
.12 HAL CORDIC Generic - . . :
s 12 A . HAL_init() . HAL USA RT_Transmﬂ_!T(} HAL_GetTickFreq()
s 13 HAL CORTEX Generic R HAL_Delnit() SART Receive_IT() - HAL_Delay/()
Driver - . HAL_U — - ; T .
ok 14 HAL CRC Generic Driver «  HAL_Msplinit() . HAL US ART_TranSmnRecewe_l 0 «  HAL_SuspendTick()
#Re 15 HAL CRC Extension Driver i - ; . HAL R Tick
ke 16 HAL CRYP Generic Driver ¢ HAL_MspDelnit() N HAL_USART_TransmeDMA 0 . HAL_Ges:n:f/ . ] )
s 17 HAL CRYP Extension [ . HAL_InitTick() R HAL_USA RT_ReceiVE_DMA( ) _GetHalVersion()
Bhe ?&;I\SI:L DAC Generic Driver . HAL USART_Transmitﬂece;ve‘—DMA 0
ke 19 HAL DAC Extension Driver -
@it 20 HAL DCMI Generic Driver
. 21 HAL DFSDM Generic Thi .
ae 21 35.2.4 S Section conta;
Driver - ] . ﬂl‘alns th .
< 22 HAL DMA2D Generic O oper. ation functions HAL 12¢ Init) ) fouowmg APls:
Driver This . . . -
&k 23 HAL DMA Generic Driver Section contains the following Apis: HAL‘IZC—DEIH" )
< 24 HAL DA Extension * HAL_GPio REadPin{} S: * HAL 120 Mspin;
Driver . —~ - - - n.l't()
ke 25 HAL DSI Generic Dri%er HAL_Gpr O‘WritcPin() HAL i2c MspDen;
ke 26 HAL DTS Generic Driver * HAL . - nit()
y _GPIO To : HAL 2c .
@kt 27 HAL ETH Generic Driver . —'ogglePin() = —Regls!‘erCaﬂb
@R 28 HAL ETH Extension Driver HAL_ GP’O_LOCkPin() : HAL 12¢ UnReqj ack()
ke 29 HAL EXTI Generic Driver . HAL_Gplo . HA - gister Caﬂback{ )
. -GPIO_ExTi IR L_12C_Reg;.
_ 30 HAL FDCAN Generic . - QHaﬂd!er() -RegisterAqy,
il 3 Driver HAL_GPIO EXT[ Caﬂb . HAL Izc UHR ) -"Caffback()
B 31 HAL FLASH Generic Driver - = ack() -~ egis l‘erAddrcaﬂb ack()
=B 32 HAL FLASH Extension g
Driver g UM2217 - Rev 6 page 2/4020
#ht 33 HAL FMAC Generic Driver
o 4 HALGIXMMU Generic

‘N 4 2 of4020 » M &
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CubelDE: delo na STM32 sistemih o o e et o &

New Alt+Shift+N> | %

Vzpostavitev za€etnega projekta : e :
- Uvoz obstojeéega (npr. BSP) & e :
* Open projects from File System

[I import Projects from File System or Archive m} X

Import Projects from File System or Archive B

« Select project(s)

|
)
|
)
! This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.
|
!
|
)

Import source: ‘ D:\OneDrive - Univerza v Ljubljani\Delovni\Workspaces\Cubel DE\STM32F4_Discovery VIN v ‘ Directory... Archive...
[ type filter text | Select All
"
Folder . . Im.port as ) Deselect Al
- I STM32F4_Discovery VIN_Projects Edlipse project
i N ov p roj e kt C u be MX —> STM32F4_Discovery VIN_Projects\Audio_playback_and 1 Eclipse project 2 of 8 selected
O v

. . . [ Hide already open projects
(V n ad a IJ eva nJ U ) " [ Close newly imported projects upon completion

Use installed project configurators to:
Search for nested projects

E Detect and configure project natures

m CubelDEWorkspace - STM32CubelDE

Prevajanie! Zaqon : File Edit Source Refactor Navigate Search Project Run Window Help

N~HRl®vA-vEinidigya~ Open Project
L4 P rojeCt - B u ild ProjeCt & Project Explorer 2 Close Project
v EFRI s Build All Ctrl+B
Y Build Configurations >
&
v BVIN Build Project
° - r .
RU n-> De b u g v & STM32F4_Discovery_Projects (in STh BldWokinglset >
» = Audio_playback_and_record Clean...
> [T Buzzer PWM_Demo Build Automatically
. > [ Initial_Breadboard_VIN Build Targets >
-« Step (Into,Over), Breakpoints + 1150 Bk Demo - :
© PIrD DEal Mae . ATRALL e[
m CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE
File Edit Source Refﬁ)rﬂlﬂ% S8ar Gam Project Run Window Help [ Cubel ace - STM32Cubel DE

M= =

it vy O v @ vis s File Edit Source Refa vigate Search Project Run Window Help

v & “I@‘@;ng\ﬁ.nb - TR
M’r?u-_:d = Berime.txt [& main.c [ stm3 IHrHE B Ry @iwid v EvE o

% Debug ¥ K5 Project

Run
~ [ LED_Blink_Demo Debug [STM32 Cortex-M C/C ;Z :/@m ant 2 Project Explorer & # Debug
~ B LED_Blink_Demo.elf [cores: 0] 75-int main(void) ~ & FRI Run History
~ i Thread #1 [main] 1 [core: 0] (Suspended 75 { > 20R © RunAs

= main() at main.c:84 0x800057¢
# arm-none-eabi-gdb (8.3.1.20191211)
# ST-LINK (ST-LINK GDB server)

77 /* USER CODE BEGIN = RA

78 ~ =VIN

79  /* USER CODE END 1 v & STM32F4_Discovery_Projects (in STM32F4_Di
» = Audio_playback_and_record

> [ Buzzer PWM_Demo

Run Configurations...

Debug History
4 Debug As

81 /* MCU Configuratio Debug Configurations...

P v e o ot 211 per > [ Initial_Breadboard_VIN Breakpoint Types
8 HAL_Init(); ' » [ZLED Blink Demo Toggle Breakpoint
- L R
86 /* USER CODE BEGIN
87
88 /* USER CODE END In
89 © Rozman - FRI

=] /* Configure the sy
-f‘-—-'-—-"-:-:..f

Toggle Breakpoint
- s e mm o
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CubelDE: delo na STM32 sistemih

Kopiranje projekta :

*Kopiranje CubelDE projekta z CubeMX .ioc datoteko
¢1) Edit > Copy (obstojeci projekt).
¢2) Edit > Paste (nova lokacija).
¢3) Preimenuj .ioc datoteko.
¢4) Zbrisi Debug.launch datoteko.
¢5) Project > Clean.
¢6) Generiraj kodo s CubeMX.
¢7) Project > Build Project.
¢8) Debug As Stm32 Application.
*9) Debug aplikacije.
[ J
*Kopiranje osnovnih CubelDE asm,BSP C projekta
¢1) Edit > Copy (obstojeci 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

v 2 STM32H7508B-DK_Working_projects
(- = e DU U e e
v [ bsp23 (in bsp23_v2)
U o g e o o e o e e e e e e e e S
3= Binaries
& Includes
v & Core
= Components
= Inc
v = Src
[£ main.c
[g stm32_lcd.c
lg stm32h750b_discovery bus.c
l¢ stm32h750b_discovery lcd.c
l2 stm32h750b_discovery_gspi.c
lg stm32h750b_discovery_sdram.c
l¢ stm32h750b_discovery ts.c
l2 stm32h750b_discovery.c
lg stm32h7xx_hal msp.c
lg stm32h7xx_it.c
[ syscalls.c
lg sysmem.c
l¢ system_stm32h7xx.c
l¢ touchscreen.c
= Startup
&2 Drivers
= Debug
= Fonts
[T bsp23.ioc
E bsp23.launch
[ STM32H750XBHX_FLASH.Id
[ STM32H750XBHX_RAM.Id

VIN — 12 — Predavanja
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12.b VIN projekt in SensorTile.box

m PraktiCha naloga - VIN Projekt
1 Razvojne plosce
0 Viri (gradiva, posnetki, primeri, ...)

1 Osnovna projekta v CubelDE:
s CubeMX (HAL knjiznica, BSP) — STM32H7, STM32F4

1 BSP — osnovni projekt (Touch, LCD)

m SensorTile.box (kompaktna razvojna platforma)
1 Edge Computing platforma

m STM Al ekosistem in Orange Data Mining

VIN — 12 — Predavanja © Rozman - FRI



|
Mikro USB priklop na daljsi stranici

elo na / razvolnem sistemu (srednji 1) §,

PrikljuCitev :
« Mikro USB priklop na daljsi stranici (srednji !!!)

Poseben zacetni projekt in info za STM32H7 (e-ucilnica,github):
+ dodajanje vsebine (main.c):

::::::

E CubelDEWorkspace - Sluzba/ORLab-STM32H7/5TM32H750B-DK_{_Basic/Core/Src/main.c - STM32Cubel DE
File Edit Source Refactor Navigate Search Project Run Window Help

milg |® - v miw | @ryaryfvyv@F vy |y Qv @F v dRE T HYhvryoaoy
& Project Explorer % BEY £ 70 Emainc  Emainc X

O CubelDE_Workspace A 131

& Delo 132 /* Infinite loop */

133 /* USER CODE BEGIN WHILE */

[ Node V4 (in node v4) 134 while (1)

v 12 Sluzba 135 {
[Z CAN_IEX_Module 136 HAL_GPIO_TogglePin(GPIOI, GPIO_PIN_13);
& CAN_IEX_Module_bak 137 HAL_GPIO_TogglePin(GPIOJ, GPIO_PIN_2);
138
H7-BSP-LCD-0OS rm
a 139 /* USER CODE END WHILE */
2 ORLab-STM32 140 L
v & ORLab-5TM32H7 141 /* USER CODE BEGIN 3 */ "
& Docs 142 snprintf (SendBuffer,BUFSIZE,"USART3:%d secs\r\n",Cnt); " spd
= DWT Cycles_Measurements ﬁli HAL_UART_Transmit(&huart3,SendBuffer,strlen(SendBuffer),1); : :
um2488-discovery-kits-with-stm32h745xi-and-stm32h750xb-UM pdf
& GPIO_LEDs 145 HAL_Delay(1000);
v & STM32H750B-DK_C_Basic 146 Cnt++;
v = Core 147
= Inc 148 /* USER CODE END 3 */
v & Src 149 }
- 158
Lastni viri :

https://qgithub.com/LAPSyLAB/STM32H7 Discovery VIN Projects

https://github.com/LAPSyLAB/ORLab-STM32H7
VIN — 12 — Predavanja © Rozman - FRI



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

CubelDE — Vzpostavitev novega projekta s CubeMX

Nov projekt :

m CubelDEWorkspace - STM32_USB_Key_LED/Berime.txt - STM32CubelDE

i~

New

Open File...

Close Editor Ctrl+W

Close All Editors Ctrl+Shift+W

Save Ctrl+S

Save As...

Save All Ctrl+Shift+S

Revert

Move...

Rename... F2
&1 Refresh F5

[[ sTM32 Project

Target Selection

& STM32 target or STM32Cube example selection is required

-
Alt+Shift+N >

P STM32 Project

File FEdit Source Refactor MNavigate Search Project Run Window Help

Makefile Project with Existing Code
C/C++ Prﬂect
__N___§ | ----------------1
-------------------'
STM32 Project from an Existing STM32CubeMX Configuration File (ioc)
¥ Project...

Source Folder
Folder
& Source File
H Header File
[ File from Template
@ C(lass

™ Other...

Convert to a C/C++ Project (Adds C/C++ Nature)
a4
(]

VoL LUUL

#define BUF

L5 r

15

3

a
=)

8

3

MCU/MPU Selectcr [FBoard Selector

—xample §

2 — Poisci plosco

MCUMPU Series

Ct

Cross Selector

Fea..  Large Pi. Docs & Resa. .

[ pata. Ci.

~

Izberi plosco -

= HOISCOVERY Discovel
M kit leverages the capabilities of

the STM32F407 high-performan:
microcontrollers, to allow users t
develop audio applications easil
It includes an ST-LINKV2-A

embedded debug tool, one
ST-Mi ital accelerometer,

Boards List: 1item T Export

iE EEN EEN BN N BN BN B B e . -—
—mm!:\

Checld/Uncheck All

Commercigim mm mm mm e - - -y, ——

* STM32F407G...Di.. Activa  19.89

Part STM32F407 ~ |\ I - o s b |
Number | |sTM32F407G-DISC1 I \ ' Y
I I . . S S B B B B B e
Commerciall S I
STM32H750B-DK ~| ]
Part Numbe|
STM32H750B-DK ] © Rozman - FRI
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Osnovni projekt CubelDE — CubeMX

Konfiguracija : prikljucki, knjiznice

STM32Cube MCU packngas and software packs

@ Copy only the necessary library files

O Add necessary library files as reference in the toolchain project configuration file

Generated files
[] Generate peripheral initialization as a pair cf '.c/.h' files per peripheral
[ Backup previously

¥ Keep User Code when re-generating

files when re-g 9
Delete previously genarated filas when not re-generated
HAL Settings

[] Set all free pins as analog (to optimize the power consumption)
[ Enable Full Assert

Template Settings:

Select a template to generate customized code

Settings..

LSE
i LSE i
LSIRC
0-1000 KHz s
132 KHz
—#  Enable CSS

HSIRC

1 V‘

32 To RTC (KHZ)

[To IWDG1,2 (KHz)
gl S

C B B N & __§B N N N &R _§B_§_§N_§B_©§R_§B_ §N_§N §R__§_§_]

System Clock Mux

®

v

STM32H7

Project Settings.
Project Name
LED_GPIO_C_Barsmatal C |

Project Location
|D:\DetouniiCubel DE\Cubel DEWarkspace ]

Application Structure

[Advances [ Do nt generats the main()

Tosichain Folder Laeation

Toskhain/ IDE

[sTMazCwReiDE |
Linker Settings

Minimum Heap Sze (04200

Minimum Stack Sae B0

Rl

Reset_State
LTDC_R3
o (P e N e

Reset_State
LTDC_VSYNC
= S Ll =
(ol W w4 )
EVENTOUT
GPIO_EXTI13

EVENTOUT
GPIO_EXTI2

Thread-safe Settings-
Cortex-M4NS

O] Enable multi-threaded support

Advanced Settings

Thread-safe Locking Strategy

[Defautt - Mapping sutable st

Mew and Firmware Package
Meu Reference
[ETM32F407VGTx

Firmware Package Mame and Varsion

lsTh

SYSCLK (MHz)  DACPRE Prescaler HPRE Prescaler

PLL Source Mux

g TN IE N EENy,

g

Input freguency

Enable

0L Vol s el vl

480 MHz max
SPI1,2,3 Clock Mux

Generated Function Calls

1 SystemClock_Config
2 MX_GPIO_lnit GPIO D
3 MX_ADC1_lnit ADC1 O
4 MX_ADC2_lnit ADC2 O
5 MX_ADC3_lnit ADC3 O
6 MX_ETH_Init ETH O
7 MX_FDCAN1_Init FDCAN1 O
8 MX_FDCANZ_Init FDCAN2 O
9 MX_FMC_lInit FMC [m|
10 MX_LTDC_Init LTDC O
11 MX_QUADSPI_|nit QUADSPI O
12 MX_RTC_Init RTC O
13 MX_SAI2_Init SAI2
14 -mﬁnmma-soma-------i--'l
—_— T 545.-,!;.”[-.“----------
fe— Eln AHB1,2 Peripheral Clocks (MHz)
l—_ 11 e, -Tr.' APBA Peripheral Clocks (MHz)
- Tn APB1 Timer Clocks (MHz)

120 Wz
I_:'—T' To APB2 Peripheral Clocks [MHz)
-w APB2 Timer clocks (MHz)

PLLIQ
e @

--VU-----U-IE-----_

SAH Clock Mux —
BLLIP
-
Q 125_CKIN
® — »O :I

PLL2P . PER_CK To DF SDM ACLK (MHz)

— —» O

i i I,

lu AHBA4 Peripheral (MHz)

DIPPRE

120 MHz max
ﬁ’——-mwm

USARTA,6 Clock Mux

4 — Preveri

)

=0

— 0

nastavitve

VIN — 12 — Predavanja
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ace - STM32_USB_Key LED/Core/Src/main.c - STM32CubelDE
e Refactor Navigate Search Project Run Window Help
vl By R vmianidigy & Open Project

Osnovni projekt CubeMX — USB Virtual

Project Explorer & Close Project
Program : za posiljanje po USB Virtual COM Port (USART3) . > R
oA rWﬂWWW%——-

/* Private variables ---------cmmmmme oo v BVIN - B”i'dpmjed_é
milﬂ\fmqng €f

v 1= STM32F4_Discovery_Projects (in STN

b4 udio_playback_and recor Clean...
/* USER CODE BEGIN PV */ ‘ , zgiﬂmfﬂ Dk,;mod* ’ Build Automatically
#define BUFSIZE 256 > [X Initial_Breadboard_VIN Build Targets >
char SendBuffer[BUFSIZE]; > [ LED Blink_Demo C/Ct+ Index )
s . » [ LED_Blink_Demo_QEMU
int Counter; > [ LED PWM Demo @ Generate Report
/* USER CODE END PV */ - - & Generate Code

v [ STM32_USB_Key LED
> @ Includes
~ = Core

Properties

/* 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);

m CubelDEWorkspace - STM32_USB_Key LED/Core/S, [NV EvlaiT]o7=lIn] S -

File Edit Source Refactor Navigate Search Proj Run Window Help
HAL_Delay(1000); HvLGl B & vaiedigysd 46 O Run I
Counter++; & Project Explorer ‘_*B_De_bug_ — - _k F11
~ = FRI Run History >
> = O0R O Run As ?

= RA

ST PR T S

}
/* USER CODE END 3 */

VIN — 12 — Predavanja © Rozman - FRI



m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help
HvEdR B~/ vEinidig-e~ Open Project

CubelDE — Zagon, debug e

» = OR
= RA
v =VIN

Build Configurations >

Build Project | Build Project

. . i . . Build Working Set >
Preva an e za on : v = STM32F4 _Discovery Projects (in STh
] N ] 2 q - . > = Audio_playback_and_record Utz
¢ PrOJeCt -> BUIId PrOJeCt > [ Buzzer PWM Demn Build Automatically
m CubelDEWorkspace - STM32CubelDE s >
File Edit Source Refactor Navigate Search Project Run Window Help X >

vl @ ®~® >~ @inidigy &~ [E~v6 @ Run
& Project Explorer % A% Debug
v = FRI
> =@ OR

Run History
© Run As

Run Configurations...
v =VIN

Debug Hist
~ = STM32F4 Discovery Projects (in STM22F4 D) Sl s

» = Audio_playback_and_record # Debug As . .

° Run -> Debug s [ Buzzer PWM_Demo Debug Configurations...
> [ Initial Breadboard VIN Breakpoint Types
» [ LED_Blink_Demo :
e R e e Toggle Breakpoint

m CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE

File Edit Source Refﬁ:rﬂw& Sad gam 2roject Run Window Help

O @Ssgp|Smiorz= i idit~r 0~ G -i®y
T Project ExSToT P - —d Berime.txt  [@ main.c stm3

~ [E LED Blink Demo Debug [STM32 Cortex-M C/¢ />~ @retval int

74 %
« Step (Into,Over), Breakpoints v BBk bemoelicoes 75 it matn(vose)
) ’ ~ o Thread #1 [main] 1 [core: 0] (Suspended . 7¢ {
= main() at main.c:84 0x800057¢ 77  /* USER CODE BEGIN

\2 arm-none-eabi-gdb (8.3.1.20191211) 78 )

3 ST-LINK (ST-LINK GDB server) ;Z /* USER CODE END 1
81 /* MCU Configuratio
82

HAL_Init();
- .

gr . -Iall per
g —-—

86 /* USER CODE BEGIN

88 /* USER CODE END In

Build <->Debug
project, ...

%e /* Configure the sy
-r---—--‘—::-f

Toggle Breakpoint
-_— - e e e o

VIN — 12 — Predavanja © Rozman - FRI



LED: rde¢a PI13, zelena PJ2

-
= 33 =
R231
100R
— .HW|3
] BLUE HAT
B1
IDO341X-GO1-BLU
DNF
Buttons
T rz30
—~ * 330R A PC13 WAKEUP
N Wakeup & Key Button
R229 31
220K SDATP60-1UIM
= "
LEDs = =
3V3
R233 LD7
LEDI won SLORR GREEN
R232 LD6
LED2 680R'\'. RED
Yyy
U6B
STM32H750XBH6
T8 Al6 LCD G5
vg| poo o [Als TcpGe
016] ps pi [BIS___ARD DI2
HIS | o2 pl3 <14 TMOD#8-MOSIs
HI4]| oo pia A4 12 MCLKA
4] bos pis A3 AL2 SCKA
G15 A2 Al2 SDA
- PG6 Pl6 =
Fl16 B3 SAI2 FSA
2 PG7 PI7
FI5| pos pis | E4 ARD D7
A10] beo o1o) | E2 LCD_VSYNC
A9l ool i | LB MII RX_ER
B9 F4 STMOD#1
L PGl PIl1
C9 H1 LCD HSYNC
=51 PGI2 PI12 -
21 pG13 Pz HZ Lil
D8 H3 LCD CLK
D6 PGl14 Pii4 P TCD RO
PG5 PII5 -
;;‘I’ PG LCD R2
Py I8 LED1
114 1Ch R4

VIN — 12 — Predavanja
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_ L L
= 3va =

HW13
- BLUE HAT

Osnovni projekt CubelDE — GPIO - tipka, LED diode w
DNF
vﬁ Buttons
HAL - C uM2217 . 4 s, Cros wane Ty
/* USER CODE BEGIN PV */ . i o Wakeup & Key Button
User manual $220K :SDATP60-1UIM

#tdefine BUFSIZE 256
char SendBuffer[BUFSIZE];

Description of STM32H7 HAL and low-layer drivers

int Counter; 2 [N
int KeyState=9; = =
3524 10 operation functions LEDs - =
/* USER CODE END PV */ This section contains the following APIs:
+  HAL_GPIO_ReadPin() o 3v3
«  HAL_GPIO_WritePin() \
+  HAL_GPIO ror;gfermn{) { 1 Ras3 s
_GPIO_ 1 LEDI  y,.. SIORR GREEN
«  HAL_GPIO_LockPin() 1 i
/* Infinite loop */ +  HAL_GPIO_EXTI_IRQHandler() 1 1
/* USER CODE BEGIN WHILE */ +  HAL_GPIO_EXTI_Callback() 1 | R LD6
while (1) 1 LED2 g, GSORV. RED
{ N
. PRI i PP
HAL_GPIO_TogglePin(GPIOI, GPIO_PIN_13); T LCD HEYHL
i3 .;..:a L'I; CLE
KeyState = HAL_GPIO_ReadPin(GPIOC, GPIO_PIN_13); IS o TR T
HAL_GPIO_WritePin(GPIOJ, GPIO_PIN_2, KeyState); FIE =
b B LD B2
snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%d\r\n",Counter++,KeyState); FI2 ;rl‘ﬁ :_Eﬁllu

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

HAL_Delay(1000);

/* USER CODE END WHILE */ 6 US a RT

/* USER CODE BEGIN 3 */

/1 USER CODE END 3 */ COM Port

VIN — 12 — Predavanja © Rozman - FRI



¢/main.c - STM32CubelDE

. . . e roject Run Window Help
Osnovni projekt CubelDE — USB Virtual COM Port S~ ERIB & T BINGIE S| OpenProec
Project Explorer & Close Project
Program : za posiljanje po USB Virtual COM Port o & Buid Al Gri
RGN CTe)  —p——
= RA rﬁl‘ =

/* Private variables ----------mmm e v &VIN - Build Project ™| puild Project g
A _—
B WOrklng €f

v 1= STM32F4_Discovery_Projects (in STN

/* USER CODE BEGIN PV */ » = Audio_playback_and_record Clean...
#define BUFSIZE 256 ‘ » [ Buzzer PWM_Demo B
char SendBuffer[BUFSIZE]; > B Initial_Breadboard VIN Build Targets >
int Counter;  EILED Biink Demo C/C++ Index >
N > > [ LED_Blink_Demo_QEMU
int KeyState=0; . [ LED PWM Demo @ Generate Report
« [ STM32 USB Key LED & Generate Code
/* USER CODE END PV */ > @ Indudes Properties

v 2 Core

/* Infinite loop */

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

{

HAL_GPIO TogglePin(GPIOI, GPIO_PIN_13);:

"PIN_13);
, KeyState);

ZE,"Hello World [%d]: Key:%d\r\n",Counter++,KeyState);
uart3,SendBuffer,strlen(SendBuffer),100);

KeyState = HAL_GPIO ReadPin(GPIOQ
HAL_GPIO WritePin(GPIOJ, GPI

snprintf(SendBuffer,
HAL_UART_Transmi

m CubelDEWorkspace - STM32_USB_Key_LED/Core/Src/main.c - STM32CubelDE
N NN I N S S S .y

File Edit Source Refactor Navigate Search Projef Run Window Help
/* USER CODE END WHILE */ Brvl@ s ~& v@inidigy s> @ “F_% Run

HAL Delay(1000);

|
& Project Explorer 2 ‘ 4 Debug % F11
/* USER CODE BEGIN 3 */ v = FRI --RI.FHEOW-----
} O Run As

/* USER CODE END 3 */

NI R Ry PRy
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Osnovni projekt CubelDE — USB Virtual COM Port (USART3 na STM strani)

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

| Datoteka Dejanje Pogled Pomoc

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

&= T HmE B &8 PuTTY Configuration ? X

' E? Druge naprave Category:

| L&l Graficne kartice = Session Basic options for your PuTTY session

| . * Loggi
@ Kamere ST ogg|‘n 9 Specify the destination you want to connect to

ilniki E:ermma i n B 8 N B N &N _§B §B _§ § N |

“= Krmilniki IDE ATA/ATAPI . | Keyboard Senal line Speed
S Krmilniki shrambe el I [coms | 15200 [
0 oL --Features -
¥ E"m':n't' usB Cvideo i indow I Connection type: I
iy FTI n! i za zvok, video in igre ppearance ‘OgSH @Serial (O)Other [Telnet v l
@ Miske in druge kazalne naprave ehaviour g

B Napraves programsko opremo
§ Naprave z univerzalnim serijskim vodilom
I? OmrezZne kartice
B Pprenosne naprave
|| Procesorji
E Racunalnik
i3 Sistemske naprave
!t Software components
== Tipkovnice
§ USB Connector Managers
B Varnostne naprave
i Vdelana programska oprema
¥ Vnosne naprave (HID)
v [ Vrata (COM in LPT)

Y o ---------\

1lo World

&~ COM4 - PuTTY

ﬁ Standard Serial over Bluetooth link (COMS5)

= StandardSeial auerllugtrath ADklCQM ey s
| W/ STMicroelectronics STLink Virtual COM Port (COM4) |

[T P BN N BN SN BN BN S B B e .

© Rozman - FRI
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" M

12.b VIN projekt in SensorTile.box

m PraktiCha naloga - VIN Projekt
1 Razvojne plosce
0 Viri (gradiva, posnetki, primeri, ...)

0 Osnovna projekta v CubelDE:
m CubeMX (HAL knjiznica, BSP) — STM32H7, STM32F4
. B . . . n
BSP — osnovni projekt (Touch, LCD)

m SensorTile.box (kompaktna razvojna platforma)
1 Edge Computing platforma

m STM Al ekosistem in Orange Data Mining

VIN — 12 — Predavanja © Rozman - FRI



CubelDE: delo na STM32 sistemih o o e et o &

New Alt+Shift+N > || %
Uvoz obstojeCeqga projekta (npr. BSP... iz Github) i
. . . Open Projects from File System...
* Open projects from File System 3 Recent Fies :

Open File...

[I import Projects from File System or Archive m} X

« Select project(s)

Import Projects from File System or Archive B

|
)
|
)
! This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.
|
!
|
)

Import source: ‘ D:\OneDrive - Univerza v Ljubljani\Delovni\Workspaces\Cubel DE\STM32F4_Discovery VIN v ‘ Directory... Archive...
[ type filter text | Select All
Fold I rt A
older mportas Deselect All

STM32F4_Discovery VIN_Projects Edlipse project
STM32F4_Discovery VIN_Projects\Audio_playback_and 1 Eclipse project
O

" [ Close newly imported projects upon completion

| Use installed project configurators to:

Search for nested projects

E Detect and configure project natures

2 of 8 selected

<

[ Hide already open projects

m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

Prevajanje, zagon :

=i < B~ & ~vminidigve~ Open Project
+ Project -> Build Project ool ol i
J J v B FRI e Build All Ctrl+B
Build Configurations >
SRA Build Project
v &VIN - -
¢ RU n-> De b u g v & STM32F4_Discovery_Projects (in STh B:’"d Wit S8 >
Clean...

» & Audio_playback_and_record

> [ Buzzer PWM_Demo Build Automatically

. > [ Initial_Breadboard_VIN Build Targets >
« Step (Into,Over), Breakpoints + EILED, i ermo
« FEAIrM DECl M ATRALL C/C++ Index ?
m CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE
File Edit Source Refﬁ)rﬂlﬂ% S8ar Gam Project Run Window Help [ Cubel ace - STM32CubelDE

M= =

wvigate Search Project Run Window Help

f B> v " - - : 5
F [mif 2 | & @'.g‘ b 0> 01 @ R Gl v O YR~ ids File Edit Source Refa
| B Q] v @inid Y d v & @ Run

4 Debug # [ Project ExSTotdr e - -l = Berime.txt main.c stm3 Halhd
« [E LED Blink_Demo Debug [STM32 Cortex-M ¢/ /> @retval int

74 */ & Project Explorer 2 % Debug
~ B LED_Blink_Demo.elf [cores: 0] 75-int main(void) ~ & FRI Run History
~ i Thread #1 [main] 1 [core: 0] (Suspended 75 { > 20R © RunAs

= main() at main.c:84 0x800057¢
# arm-none-eabi-gdb (8.3.1.20191211)

77 /* USER CODE BEGIN = RA
78 v =VIN

Run Configurations...

o2 ST-LINK (ST-LINK GDB server)

8

/* USER CODE END 1

/* MCU Configuratio

8 . ﬁ|all per

HAL_Init();
- . .

/* USER CODE BEGIN

Debug History
Debug As
Debug Configurations...

v & STM32F4 _Discovery Projects (in STM32F4 Di
» = Audio_playback_and_record 5
> [ Buzzer PWM_Demo
> [ Initial_Breadboard_VIN
> [ LED_Blink_Demo

Breakpoint Types
Toggle Breakpoint

/* USER CODE END In

/* Configure the sy
- —— -‘..:: .t

Toggle Breakpoint

- s e mm o
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LAPSYLAB <https://qithub.com/LAPSyLAB>

LAPSyLAB/STM32H7_Discovery_VIN_Projects

Z naslova <https://qgithub.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_12C Basic_Demo Update 2024 1.st 2 months ago

STM32H750B-DK 12C 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
VIN — 12 — Predavanja © Rozman - FRI
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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

. [ STM32H750-DK_BSP_Touch_Demo
> % Binaries

> &l Includes
. ~ 2 Core
LAPSyLAB <https://qithub.com/LAPSyLAB> T oonents
v &=lInc
» [ ft5336 confh
18 main.h
W mt25tl01g_confh
5 mt48lcdm32b2_conf.h
[® stm32 lcd.h
18 stm32h750b_discovery_bus.h
5 stm32h750b_discovery_confh
5 stm32h750b_discovery_errmo.h
B stm32h750b_discovery_lcd.h
5 stm32h750b_discovery_gspi.h
[ stm32h750b_discovery_sdram.h
[ stm32h750b_discovery ts.h
[ stm32h750b_discovery.h
8 stm32h7xx_hal conf.h
6 stm32h7xCith
Src

LAPSyLAB/STM32H7_Discovery_VIN_Projects

Z naslova <https://qithub.com/LAPSyLAB/STM32H7 Discovery VIN Projects>

m STM32H750-DK BSP_Touch Demo /

1 VkljuCuje HAL knjiznico in podporno kodo (BSP) za STM32H7

m BSP ... Board Support Package
m - Nigeneriran s CubeMYX, vse spreminjamo rocno v kodi
m + delujejo zaslon, dotiki, ostale naprave

¢ main.c

[8 stm32_lcd.c

2 stm32h750b_discovery_bus.c
l2 stm32h750b_discovery_lcd.c
l# stm32h750b_discovery gspi.c
l2 stm32h750b_discovery_sdram.c
[# stm32h750b_discovery ts.c

l2 stm32h750b_discovery.c

[# stm32h7xx_hal_msp.c

L8 stm32h7x it.c

2 syscalls.c

m STM32H750B-DK VIN Basic

1 VkljuCuje HAL knjiznico in je generiran s CubeMX
m +generiran s CubeMYX, lahko spreminjamo konfiguracije ¥ [0 STM32HT508-DK_VIN Basic
m - ne delujejo zaslon, dotiki, ostale naprave © % Binaries

> & Includes

0 Lahko pa se minimalna koda doda (nastavitve so veCinoma Ze prisotn + & core

¥ = Inc
» [ main.h
» [ stm32h7xx_hal_conf.h
» [ stm32h7xcith

~ = Src

¢ sysmem.c
[ system_stm32h7xx.c

<
V¥ v Y v v v v v v vov v v v v v v v v v v v v v v v

¢ touchscreen.c

> [8 main.c

> lg stm32h7x_hal_msp.c
> 8 stm32h7olitc

> g syscalls.c

> lg sysmem.c

> lg system_stm32h7xx.c

VIN — 12 — Predavanja © Rozman - FRI
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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

STM32CubeMonitor

Basic_Flow_STM32F4_VIN

’——------------------------------------------------~
4 \\
| 1
| |
| |
: [@ START Acquisition :
| |
: @ p2p connected (STM32F40xxx/41XXX) :
1 direct |
| EEJ STOP Acquisition |
\ ]
\ Y4

~-------------------------------------------------’

’—------------------------------------------------~
4 \\
[ 1
1 1
1 1
: @ p2p connected (STM32F40xxx/41xxx) @ processing on :
1 1
1 1
1 1
1 1
| Cé Clear Graphs |
\ ]
\ 4

~-------------------------------------------------’

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

STM32CubeMonitor

Basic_Flow_STM32F4_VIN_

CE:| START Acquisition

=3

J £ Properties

direct

l. STOP Acquisition

Edit variables node > Edit exe-config node

Cancel |

L BRE

-

Name MyVariables
2 coerter (STUZRAOwDI oo || @processing on &k Folder  D:\Delovni\CubelDE\Sluzba\STM32F4_Discovery_VIN_Prc
() Clear Graphs I File - STM32F4_GPIO_PWM_SPI_I2C_C_Demo.elf v

() Expand Variable List

i= Variable List

== DEPLOY (# DASHBOARD -
Chart
r - N . .-
|

Select Name |4 Start Address  Type
el O Show Ponts (] __sbrk_heap_end 0x200003d0  Unsigned 32-bit =
- AccelX 0x2000036f  Signed 8-bit
AccelY 0x20000370  Signed 8-bit
AccelZ 0x20000371  Signed 8-bit
- [ ] AHBPrescTable[0] 0x0800b8cc Unsigned 8-bit
H AnalogValue1 0x20000374  Signed 32-bit
o |:| APBPrescTable[0] 0x0800b8dc  Unsigned 8-bit
(] cDCCmdEpAdd 0x20000099  Unsigned 8-bit
|:| CDCInEpAdd 0x20000097 Unsigned 8-bit
[] CDCOutEpAdd 0x20000098  Unsigned 8-bit
. . . . ‘ . ‘ . . . . ChiplD 0x20000360  Unsigned 8-bit
8 9 o i Tlm;fs) 1 “‘ 1 16 " [] Counter 0x20000350  Signed 32-bit
® AccelX @ AccelY @ AccelZ Duty 0x20000358  Signed 32-bit
IMPORT DATA TS T Mt St ennnnnn - Pl one
&ﬂ%--------------’_’ﬁ----
NoteFreg 440| N
© Rozman - FRI
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TODO

m Workflow s Clickboard
C1Vrsta komunikacije (12C, SPI, UART)
1Protokol komunikacije (Podatk. Listina,
Knjiznica) ...
10d enostavnejsih do kompleksnejsih opravil

VIN — 12 — Predavanja © Rozman - FRI
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12.b VIN projekt in SensorTile.box

m PraktiCha naloga - VIN Projekt
1 Razvojne plosce
0 Viri (gradiva, posnetki, primeri, ...)

1 Osnovna projekta v CubelDE:

m CubeMX (HAL knjiznica, BSP) — STM32H7, STM32F4
1 CubeMX — osnovni projekt (GPIO — tipka, LED diode, USART)
1 BSP — osnovni projekt (Touch, LCD)

[ m SensorTile.box (kompaktna razvojna platforma)

1 Edge Computing platforma

m STM Al ekosistem in Orange Data Mining
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" M

12.b VIN projekt in SensorTile.box

m PraktiCha naloga - VIN Projekt
1 Razvojne plosce
0 Viri (gradiva, posnetki, primeri, ...)

1 Osnovna projekta v CubelDE:

m CubeMX (HAL knjiznica, BSP) — STM32H7, STM32F4
1 CubeMX — osnovni projekt (GPIO — tipka, LED diode, USART)
1 BSP — osnovni projekt (Touch, LCD)

[ m Edge Computing }

m SensorTile.box (kompaktna Edge Al razvojna platforma)

m STM Al ekosistem in Orange Data Mining

VIN — 12 — Predavanja © Rozman - FRI
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dge computing
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Cloud Al vs. Edge Al

) Visoka latenca (round-trip) J Nizka latenca — odziv v realnem casu

) Zahteva stalno omrezje J Deluje brez omrezja

) Visoka poraba energije v podatkovnih centrih J Manjsa poraba energije

) Zasebnost: podatki zapuscajo napravo J Podatki ostanejo na napravi (zasebnost)
) Ne deluje priizpadu omrezja J Manjsi promet v omrezju

ABI Research: trg Edge Al MCU bo do leta 2030 dosegel ~1,8 milijarde enot letno

VIN — 12 — Predavanja © Rozman - FRI
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Edge computing

Smart system challenges
Moving to edge computing

CLOUD COMPUTING EDGE COMPUTING
Collect and send data Protocol translation and Big Data and
device management heavy computation

Collect, Process 1 . Optimized computation
And Send Data | Processing of Data and Advanced Analysis

with local

Opportunity: move computation to se

processing for real-time elaboration and best power efficiency

v

THI0ATOTROTaT00NT 1O0aT 11001 = - e

:"" N 00011101%011110001 110090110 ’ """f. L -
@ 0001 11011011110001 110010110 = <

Privacy and security considerations

r I =
! ” Power consumption 5
Tife . cugrrerhed

© Rozman - FRI
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dge computing

Al is moving to the edge I

Capabilities included in a project Advanced technology in a project

m Currently Using 2019 (N = 194)

| ; :
5‘“‘59% Considering Using 2019 (N = 314)

Real-time capability

Digital signal processing I 51'@5“

43%
Networking capability ' NESG— 0% Einepict ot 37w,
Analog signal processing T "“ﬁm ﬂ“‘: - ' L EZ
Wireless capability _435}:-* - 68%

Battery-powered |—————— %‘;{; Embedded speech 7%, of EMEA users

are I:I:Inﬂle'rlﬂE

Rugged design EG—_——— 3';&,;_ _ I using Machine

Gul % e, 2019 (N = 843) _ 38% i
Al {machine learning)® @ 2017 (N = 1,107) Virtusl Reality (VR) capabilities I 1:;1
+ . 9%
or Augmented Reality [AR) capabilities . o 19%
!.1}_|=-—E<:!‘.-|>p *Al and GPU were added in 2019. | . F.!il“—E{‘:!'.lI:'F

+ 15% of embedded projects already include Al in 2019
+ Pervasion of Machine Learning and other Al capabilities

VIN — 12 — Predavanja © Rozman - FRI



" N
Edge computing — moaquli, tipa

la

BHI260AP

Ultra-low power, high performance,

self-learning Al smart sensor with

integrated accelerometer and gyroscope

) BOSCH

W Full activity
[ monitoring
[ processing

_____________________

| atsystem |

level

@ High-level
 processing

_____________________
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

The loT made easy

SensorTile.box has 3 operational modes

VGRAJENE APLIKACIJE

Primeri vgrajenih aplikacij, dostopnih v Entry Mode nacinu aplikacije STE BLE Sensor:

e Preprosta aplikacija za Stetje korakov s pomocjo merilnika pospeska
e Zaznavanje otroskega joka
o zaznavanje otroSkega joka preko mikrofona, prizig LED diode/opozorilo na
aplikaciji, ko je jok zaznan
e Barometrska aplikacija
o omogoc¢a dodatno ponastavljanje senzorjev za temperaturo, tlak in vlago,
prejete meritve prikaZe grafi¢no v obliki
) N e Sledenje prevazanim dobrinam, stanje v vozilu
ngramwif{t? r;lbjirgtirtphone Enter the powerful STM320DE o s primernimi tipali (npr. merilnik viage) merimo pogoje, katerim bi bili
potencialno izpostavljeni izdelki, prevazani v nekem vozilu
e Vibration monitoring
o dolo€imo neko sprejemljivo meritev tresljajev, ki jih zaznamo z merilnikom
pospeska - o morebitnih odstopanjih obvestimo uporabnika in zabelezimo

Discovery sensors functionalities Configure and Develop specific functions using
using pre-defined functions define new apps development environment

No need to program anything

KAJ VSE OMOGOCA APLIKACIJA?

V realnem ¢asu s pomocjo senzorjev zaznava stanje v okolju, risanje grafov na podlagi dogodek
podatkov, shranjevanje podatkov v oblak - cloud logging. e Compass and inclinometer
_ _ _ x : o belezenje sprememb v orientaciji SensorTile.box-a tekom Casa, graficni
_ prikaz meritev (npr. spremembe v smeri neba, naklon)
Stop plotting Pressure TILEBOX
’ T Updet S0 Address: C2:49:EB:2B:F5F6
o [} e S Type: SensorTile.
/ ¥ i Select the cloud provider " S } / \
DS . 0 1 Azure 6T Central - Contoso -’ﬁ'_ fu. |.II *
. i ' Azure 10T - ST Web Dashb... .’ Real; -97 dbm - \ j
g Azure T zaznavanje shranjevanje kompas
} o e pedomeler  otrotkegajoka  podatkov
S, i IBM Watson IoT - Quickstart Chargi )
S 1 rging
TR 1BM Watson loT k Voitage: 0.000 V & -R g
1009.04mBar 5270 % Prossurs (e} s Current: not avail L)

[==n {5 Pressory: 1008.19 (mBar) - nadzorovanje .
@ © m nadzorovanje Sensor b aktivnost
s ot g i ity . okolja vozil, surovin

fusion

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

VIN — 12 — Predavanja © Rozman - FRI


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

.'.E_

dge computing — moaquli, tipala

LSM6DSOX — SensorTile.box

’_-----------------------------------------------------

~

I 4 Build Embed Process \

{ Capture data Label data decision tree decision tree new data :

: = S :
: i

: : i éf' i . I
Accelerometer i § I

L‘-—f : > > > Filters > Classification 1
% I > Gyroscope > - nl-anntati . > ) Real-time test > :
| > Features > Results pemerae I
\ > External sensors > ; ,l

SensorTile.box SensorTile.box
+ STEVAL-MKSBOX1V1 | - R P e i+ STEVAL-MKSBOX1V1

@) No USB cable: = i * ' No USB cable:
I . oSTBLEcSaen:;::r —UHICD GUl « STBLESensor
| *External tools for building decision tree: With USB le:
With USB cable: . n 5 i cable:
L . FP-SNS-STROX1 : Weka, RapidMiner, MATLAB, Python .+ EP-SNS-STBOXI
« Unicleo GUI i ; * Unicleo GUI
: : (for advanced level)
= AlgoBuilder
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Edge computing — moaquli, tipala
LSM6DSOX Unique Performance =

High Accuracy Sensor HUB

Noise: Gyro 3.8 mdps/\VHz & compressed 9kB FIFO

Accelerometer 70 pg/VHz LSMEDSOX O ’
\ { =

: Embedded Pedometer 2.x

Low Current Consumption O | WeChat Compliant |

0.55mA HP combo D - :

- ) H :
15% vs. LSMGDSLM O + OIS Stabilization Core Jan Renar
'N iira | Ax: :’ 2.5x3x0.86 mm O . Zaznavanje ¢loveskih aktivnosti s

ew Lra low power Axk: H : New Standard Protocol . ini plosci Sensortile.box

14uA @100Hz ODR 13C /12C / SPI tipali na razvojuni 1Y

DIPLOMSKO DELO

‘ Finite State Machine &
Y/ {

Machine Learning Core

Finite State Machine

Machine Learning Core

Start node

node

Bernard Kuchler

Uporaba modelov strojnega uéenja v @

vgrajenih sistemih

DIFLOMSKO DELO RESET

U8 9, Tecaji, ostale vsebine Objave Datoteke ©  Zapiski + RESET

+ Novo v T Nalozi 3 Uredivmreznem pogledu @ Dajvskupnorabo € Kopiraj povezavo  «# Sinhronizadija
[+ towo ~ | COMMAND
PARAMETERS

9. Te€aji, ostale vsebine > SensorTile.box > Kuchler_Analiza_in_razpoznavanje_aktivnosti_SensorTile.box > Posnetki
O ime -~ Spremenjeno Spremenil ~ Video_channel v + Dodajte stolpec RESET

M@ Orange-Klasifikacijsko_drevo 27 februar Kuchler, Bernard
CONT

Ml Programska oprema ST-Klasifikacijsko drevo 27 februar Kuchler, Bernard

FSM & MLC allows sensors to process data with reduced help of a host MCU
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Edge computing — Optimizacija Al modelov

sTM32 )
Cube Al

- - -~ Easily optimize and benchmark

jp Al neural netwo‘rk models for STM32 :

Optimize
and
quantize

Load pre-
trained NN

Benchmark

Generate
code

53 al it
Upload your own Get metrics on Measure inference Download the Al code
model or select one complexity and time on real STM32 for your STM32
from STM32 model memory footprint boards remotely
zoo

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

VIN — 12 — Predavanja
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Edge computing — Tensor Flow Lite in ARM Cortex-M4

MAKING MACHINE LEARNING
ARDUINO COMPATIBLE

A GAMING HANDHELD THAT RUNS
NEURALNETWORKS

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 C ‘
button and speaking into a microphone
attached to a SAMDS51-based PyGamer
would play back different animations.

A BIT OF FUN: After she created an Arduino-
compatible version of TensorFlow Lite, the author
adapted a voice-recognition demo so that pressing

https://spectrum.ieee.org/machine-learning-thats- abutton and speaking into a microphone attached
. . toa SAMD51-based PyGamer would play back
light-enough-for-an-arduino

different animations.
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STM — Edge Computing resources

&>

Embedded solutions with edge processing
for wearables

Q Activity recognition for wrist

y' Gym activity recognition

’ Gestures detection

l Free fall & shock height estimation

/\ }W' Shock intensity estimation

Stationary / other, walking / fast walking, jogging / running

Bicep curls, lateral rises, squats

Flip-up/down, 4D, glance, pick-up, phone-to-ear, jiggle /

shake, wrist navigation, wrist-tilt

Detect free-fall & shock events with free fall height
estimation

Detect shock events with intensity estimation

Accelerometer data
processed by MLC

Accelerometer data
processed by MLC

Accelerometer + Gyroscope data
processed by FSM (or MLC)

Accelerometer data
processed by FSM

Accelerometer data
processed by FSM & MLC

. 9 Pedometer Step detection, step counter and significant motion detection Accelerometer pedometer
]
- Accelerometer data
I_ﬁ Pose recognition Detect 14 classes processed by MLC
“l 20
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TM — Transforming Edge Al:
The power of neural processing units in modern microcontrollers

ST announces the first member of its £ ONNX orange
Neural-ART Accelerator™ series: a ' opytorch gy lBhe
purpose-designed NPU with highly TensorFiow| | I3 K€"

parallelized hardware co-processor ‘ @xnet
that’s available for the main embedded - and more
application to assign Al workloads.

Table 1: Results measured on Neural-ART Accelerator Gen1, with 4 convolution array at 1 GHz

CPU-bound inferencing Accelerated inferencing on
Figure 3: Neural-ART Accelerator Figure 4: Edge Al software ecosystem on Cortex-M55 @ 400 MHz B | ural-ART Accelerator @ 1 GHz Improvement with
architecture overview > [Brez nasloval Al
ST Edge Al Online Mocel Time (ms) fps smre (MS) fps
Neural-ART Accelerator _Madel model zoo resources
= - & & MobileNet v1' 2244 0.45 19.4 51.54 x116
MobileNet v2* 1385 oz 211 47.45 1]
Tiny Yolo v2 3895 0.26 306 2n 27
" Model ST Edge Al Online tool
Stream c benchmark Developer Cloud
engine pe Yolo viin 256 1821 0.55 k)l 1226 58
Operates 8-16 bits arithmetic Yamnet 1024* 252 397 0.8 101.7 X26
. '." Plug-in for
1 T lT l T 1 T l T l T lT l T ) ",--I‘ be STM32CubeMX Naté: 1 Image Classification - Quantized int8, inpul résolution 224x224x3. trained on ImageNet datasel Mode! footprint: 4.45 MB weghts. 1.53 MB activations
Model e 2 Image Classification - Quantized intB, input resolution 224x224x3, trained on imageNet dataset. Mode! footprint: 4.14 MB wesghts., 2,08 MB activations
optimization 3 Object Detection - Quantized int8, input resolution 224x224x3, trained on COCO datased. Model footprint: 10.55 MB wesghts. 0.38 ME actiations
System memory (@) ST Edge Al Command line 4 Objoct Datection - Cuantized intS, input resakition 256x256x3, Irained o COCD dataset. Model toolprint: 3,05 MB weights, 1.6 MB activations
~" Core interface {CL) 5 Audie Event Classification - Quantized inlE, inpul resolution 6438, rained on AudioSet dataset, Moded fookprint: 3.4 ME weights, 0.14 M8 activations
Figure 1: Power efficiency of various hardware architectures
Case Study 1: People detection for consumer tracking applications
£
=
w
(-
E -
s I
CPU FPGA GPU NPU
GPU: Graphic accelgrator
NPU: Neural processing unit (Al accelerator) Source W, Dally

Whitepaper-transforming-edge-ai-with-npus-in-microcontrollers
VIN — 12 — Predavanja

People detection and tracking Screen capture of the actual
Yo vB 320x320 demo board screen.
Newral-ART with 4 Cormolution Array at 1 GHz = 26 fps
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NPU - Neural Processing Unit

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

Nevronske mreze zahtevajo mnozico operacij akumulacije in mnozenja (MAC) z velikim dostopom do pomnilnika —
klasi¢na sekvenc¢na arhitektura (fetch—decode—execute) tega ne more izvesti u€inkovito.

Primarna vlioga SploSna obdelava Grafika, paralela PospeSevanje NN
Arhitektura Malo jeder, visoka ura Mnogo malih jeder, SIMD Specializirana jedra za NN
Ucinkovitost energije Zmerna Zmerna-visoka Visoka

Primerna za Splosno racunanje Grafika, ML treniranje Edge Al, loT, 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 Prednosti in orodja
o Veckratni specializirani HW pospesevalniki o STM32Cube.Al — konverzija modelov v C kodo
o Rekonfigurabilni dataflow stream engine o ST Edge Al Developer Cloud — online bencmarking
o Konvolucijski pospesevalniki (Conv Acc) o ST Edge Al Model Zoo — predtrenirani modeli
o Fiksna vejica: 8-bitna ali 16-bitna aritmetika o ST Edge Al Suite — celovit razvijalski paket
. Podpira 130+ operatorjev (ONNX, TF, Keras) o Podpira TensorFlow, Keras, ONNX, PyTorch, MATLAB
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Benchmark: Neural-ART vs. Cortex-M55

Primerjava inference ¢asa — STM32 z Neural-ART Acceleratorjem vs. Cortex-M55 @ 400 MHz

MobileNet v1 2244 %116
MobileNet v2 1385 0.72 211 47.5 x66
Tiny Yolo v2 3895 0.26 30.6 32.7 x127
Yolo v8n 1821 0.55 31 32'3 x59
YAMNet (zvok) 252 3.97 9.8 101.7 %26

Primer 1 — People detection (Yolo v8, 320%x320): 26 fps v realnem ¢asu na STM32N6

Primer 2 — Smart city (TinyYolo v2, 416x416): 18 fps — klasifikacija vozil in peScev

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

m PraktiCha naloga - VIN Projekt
1 Razvojne plosce
0 Viri (gradiva, posnetki, primeri, ...)

1 Osnovna projekta v CubelDE:

m CubeMX (HAL knjiznica, BSP) — STM32H7, STM32F4
1 CubeMX — osnovni projekt (GPIO — tipka, LED diode, USART)
1 BSP — osnovni projekt (Touch, LCD)

m Edge Computing

{- SensorTile.box (kompaktna Edge Al razvojna platforma)}

m STM Al ekosistem in Orange Data Mining
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

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 Al 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)
e  6-axis inertial measurement unit (LSM6DSOX)
. 3-axis accelerometers (LIS2DW12 and LIS3DHH)
. 3-axis magnetometer (LIS2MDL)
e  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

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

STEVAL-MKSBOX1V1

CRESSURE - TEMPERATURE
LPs22HH B~ ~ SENSOR
& STTS751
AUDIO SENSOR
s MP23ABS1 —_

SPBTLE-1S '|_ | | | *—“
LY
MICROCONTROLLER ACCELEROMETER
| LIS2DW12

3D ACC+GYRO
LSM6DSOX™ ]

ACCELEROMETER
LIS3DHH —_
\
| | MAGNETOMETER = :

LIS2MDL

TEMP+HUM
{ SENSOR
HTS221

A

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

ST BLE Sensor Classic

Classic ver. of ST BLE Sensor

Free - Designed for iPad. Not verified for macOS.

() Share

AGE RATING

4+

Utilities

PROTEUS
00:80:E1:26:BD:DF

[STEVAL-PROTEUST Fi: FP-Al-
POMWESOC vi2.0.0]

Idle Trained

HSD200

FA:B1:CB:03:D3:A2

Connect to a device

BLENFC
F1:09:F7:CC:56:FF

Create apps About

TEST
C1:CD:06:4A:59:CD

[STEVAL-STWINBX1 Fu:
Datalog2.FP-SNS-DATALOGZ v.
0%

No Alarm

/id6447749695#information

ST BLE Sensor Classic

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

STMicroel

Sensors

Available sensors

Temperature sensor
STTS22H

Pressure sensor
LPS22DF

Low power Accelerometer
sensor
LIs2Du12

Accelerometer sensor
LSMBDSV16X

Gyroscope sensor
LSMBDSV16X

Magnetic field sensor
Lis2mpL

LANGUAGE

EN

English

Al&MLC

CONNECTIVITY

ENVIRONMENTAL

MOTION

USER INTERFACE

EXPERT VIEW

@ Board Report
STM32 UID

Version Firmware

Info

Help

Power Status

e Board Security
Change Security PIN
Clear Security Database
Certificate Registration

Certificate Request

() Board Control
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

ST BLE Sensor

former ST BlueMS

Free - Designed for iPad. Not verified for macOS.
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STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

SensorTile.box wireless multi sensor development kit with user friendly app for loT and wearable sensor applications

Z naslova <https://www.st.com/en/evaluation-tools/steval-mksbox1vl.html>

https://www.st.com/resource/en/data brief/steval-mksbox1vl.pdf

How to use the wireless multi-sensor development kit with customizable app for loT 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> e e STEVAL-MKSBOX1V1

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=A31j1VXh9SM&ab channel=STMicroelectronics>

https://www.st.com/en/evaluation-tools/steval-mksbox1v1.html
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Edge Al projekt 1 — MNIST CNN na STM32H750B

STM32H750B-DK CNN arhitektura in potek

o MNIST: 60K ucnih + 10K testnih slik (28x28 px)

o e e Selrerein (AH0-272 ] e CNN: Conv2D(32) > Pool - Conv2D(64) - Dense(64) >

° Cortex-M7 @ 480 MHz + FPU

* 1L BB RN, 2 [ el Flesly o '?'thr:gz:'(}'g)S 98% na testni mnozici
. — 0
1235 W2 NEE Feeh{[2SIILLE) @ Ot o Kvantizacija float32 = int8: 4x manjse utezi

o —> uteZi nevronske mreZe v zunanjem Flash-u . STM32Cube.Al > optimizirana C koda

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

GitHub: github.com/bernardkuchler/STM32H750B-DK_with_MNIST._handwritting CNN
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Edge Al projekt 1 — MNIST CNN na STM32H750B
Flash: 128 KB + 2x512 MB zunanji NOR flash (Quad SPI)
LCD zaslon na dotik
STM32H750XBH6 (480 MHz CPE)

Pytorch in X-CUBE-AI (ONNX)
200 KB nevronska mreza

Hapowved-0 : -4.409%421
Hapoved-1 : -1.389850
Hapoved-2 : 7.174194

Hapoved-3 : 1.080353

Hapoved-4 : -3.523168
Hapoved-5 : -3.74639%1
Hapoved-6 : -5.106664

Mapowed-7 : -9.906097
Hapoved-8 : 12.074458
Napoved-9 : -0.117417
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Edge Al projekt 2 -
Diploma: Uporaba modelov strojnega ucenja v vgrajenih sistemih

SensorTile.box CubelDE Orange DM Modeli ML Prevod
(MEMS Studio) (VS Code) Unicleo GUI — C knjiznica

Normalizacija
Ekstrakcija znac.
Odlocitveno drevo

DTree, kNN, RF, SVM
MLP

LSM6DSOX IMU Sprejem CSV

26-52 Hz prek USB CDC LSMBDSOX, STM32H7

Uporaba modelov strojnega u€¢enja v vgrajenih sistemih
Kuchler, Bernard Rozman, Robert Ve€ o mentorju...

Izvlecek

Cilj diplomske naloge je izkoristiti prednosti splo$nih okolij za u€inkovito tvorbo modelov
strojnega ucenja (Orange) in te modele ustrezno prilagoditi za izvedbo v vgrajenih sistemih.
Slednji namre¢ imajo omejene vire in prilagoditev modelov pogosto ni enostavno opravilo.
Splosna orodja te prilagoditve modelov obi¢ajno ne podpirajo, obstajajo pa namenska orodja
proizvajalcev vgrajenih sistemov za tvorbo prilagojenih modelov, ki pa so precej bolj omejena
glede funkcionalnosti in izbire modelov. V tej nalogi smo zato poskusali izkoristiti prednosti obeh
vrst razvojnih okolij. Modele smo tvorili v sploSnem orodju Orange in jih nato s pomocjo razliénih
pristopov in namenskih orodij prilagajali za u€inkovito uporabo v vgrajenih sistemih. Pri tem smo
napisali ve¢ razli¢nih dodatnih programov v programskih jezikih Python in C. Prispevek nasega
dela so poleg programov e sploSna priporo€ila za uporabo modelov v vgrajenih sistemih in
podrobno opisani postopki za enostavno izdelavo modelov strojnega ucenja v okolju Orange in
njihovo ucinkovito prilagoditev za uporabo v vgrajenih sistemih. Na tej osnovi lahko odlo€itve in
postopke izvedejo tudi uporabniki z manj izku$njami na podrocju strojnega u¢enja. Omenjene
postopke smo preizkusili na dveh prakti¢nih primerih klasifikacije in razpoznave ter analizirali
ucinkovitost in uspeSnost modelov v vseh korakih od splodnega okolja do uporabe na vgrajenih
sistemih. Ugotovili smo, da so modeli primerljivo uspesni 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 izboljSave.

Z naslova <https://repozitorij.uni-lj.si/lzpisGradiva.php 2id=150167>

GitHub: github.com/bernardkuchler/Orange-on-SensorTile.box
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Edge Al projekt 2 —
Diploma: Uporaba modelov strojnega ucenja v vgrajenih sistemih

SensorTile.box CubelDE Orange DM Modeli ML Prevod
(MEMS Studio) (VS Code) Unicleo GUI — C knjiznica

Normalizacija
Ekstrakcija znag. PULC LN KR LSMBDSOX, STM32H7

Odlog¢itveno drevo A

Selected Data — Data = T'-'in'a_ e ———— Evaluatizn Results -
Data - — - -l "" : :
B = @) — -
-
- ’

LSM6DSOX IMU Sprejem CSV
26-52 Hz prek USB CDC

aEE

- /' J_»" Test and Score Confusion Matrix
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s/ )L E :
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. D Data m d:m '!-“ﬁ-—"’ "I Tree Viewer
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@mm || \2 _
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|I Y / Test and Score (1)
{
Save Model
Save Model (1)
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Save Model {2)
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Ul: Orange in STM32 platforme (B. Kuchler)
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LAPSy Embedded Academy LAPSy Embedded Academy

_VIN TUT 01.01 Orange in STM32 -

VIN TUT 01.01 Orange in STM32 -
SensorTile.box (B. Kuchler)_Krajsi...

SensorTile.box (B. Kuchler) Orange -...

Y Rozman, Robert ‘%. Rozman, Robert
Edited April 14, 2024 . Edited April 14, 2024
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VIN TUT 01.04 Orange in STM32 -
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Y Rozman, Robert ‘%. Rozman, Robert
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Y Rozman, Robert ‘%. Rozman, Robert
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Tecaiji, tutoriali, predavanija...

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

LAPSy Embedded Academy
VIN TUT 01.02 Orange in STM32 -

SensorTile.box (B. Kuchler)_Orange -...

Rozman, Robert
Edited April 14, 2024
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Rozman, Robert
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Rozman, Robert
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‘%. Rozman, Robert
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LAPSy Embedded Academy

VIN TUT 01.07 Orange in STM32 -
SensorTile.box (B. Kuchler) STM32 -...

‘%. Rozman, Robert
b Edited April 14, 2024
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Edge Al projekt 3 —
SensorTile.box: zajem, ucenje in klasifikacija gibov v 5 razredov

> ( SE
\{‘6 (

) o A Model AUC CA F1  Prec Recall MCC
: ”_<E)“"{ )\{5} _ R Tree 0.997 0.989 0.989 0.989 0.989 0.986

\lo Data Table Data Sampler \?é Select Columns - \-
’ \4 g — Neural Network 1.000 0.996 0.996 0996 0.996 0.995

‘ \L .
D ¢
|

\ 3\
&\
o N \\ . u
- O e ) Ll 10
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12.b VIN projekt in SensorTile.box

m PraktiCha naloga - VIN Projekt
1 Razvojne plosce
0 Viri (gradiva, posnetki, primeri, ...)

1 Osnovna projekta v CubelDE:

m CubeMX (HAL knjiznica, BSP) — STM32H7, STM32F4
1 CubeMX — osnovni projekt (GPIO — tipka, LED diode, USART)
1 BSP — osnovni projekt (Touch, LCD)

m Edge Computing

m SensorTile.box (kompaktna Edge Al razvojna platforma)

[- STM Al ekosistem in Orange Data Mining }
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" N

STM Al Ekosistem

Razvojna orodja ML orodja Strojna oprema

° STM32Cube.Al

e STM32CubelDE . e STM32H7 serija
° MEMS Studio .
. m;ﬁﬁﬁf :VI :;fiéno) °  UniCleoGUI . lsxlznéféglel'sséxe
& g e X-CUBE-Al paket P
e VS Code+STM32 ext. e STM32H750B-DK

o Edge Impulse (oblak)

NanoEdge Al Studio: AutoML pristop — brez roénega programiranja modela - anomaly detection - od 1 kB RAM

STM32Cube.Al — konverzija Keras/TFLite < optimizirana C koda za STM32
AlgoBuilder — vizualno grafi¢no orodje (podobno Simulinku), izvoz podatkov prek USB CDC / BLE
Edge Impulse — oblac¢na platforma: spektralna analiza, MFCC, deploy na STM32 / Arduino

VIN — 12 — Predavanja © Rozman - FRI
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Orange Data Mining — vizualno ML orodje

Odprtokodna platforma FRI (Biolab skupina, Univerza v Ljubljani)
orangedatamining.com

Uvoz & predprocesiranje Modeli ML Vrednotenje

o File (CSV/Excel/tab) . kNN - Odlocitveno drevo o Test and Score (CV, F1, AUC)
o Data Sampler o Random Forest o Confusion Matrix

o Preprocess (normalize, impute) ° SVM - Naive Bayes ° ROC Analysis

o Feature Constructor o Neural Network (MLP) o t-SNE vizualizacija

o Select Columns o Logistic Regression o Scatter Plot / Heat Map

Orange potek za IMU podatke:

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

VIN — 12 — Predavanja © Rozman - FRI
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