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"
VIN projekt - STM32-CubelDE projekt, USART, GPIO
(LED, tipka), BSP

m STM32H7, STM32F4 Discovery board in ostale platforme

m Osnovna projekta v CubelDE:

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

0 STM32H7:
m Touch panel (12C, reqistri, ...)

1 STM32F4:
m USB VComPort
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VIN projekt - STM32-CubelDE projekt, USART, GPIO
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Figure 3: Instruction Set support in the Cortex-M processors
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ARM Cortex M — Programski model
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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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ARDUINO® connectors

(CN2, CN6)

USB power connector
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VIN Projekt — Osnovna platforma
STM Discovery F4 (Cortex M4) STM32F407 ST DiSCOVGry

*STM32F407VGT6 microcontroller featuring 32-bit
Arm® Cortex®-M4 with FPU core, 1-Mbyte Flash memory and ST M 3 2
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

probing

*External application power supply: 3V and 5V
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Delo na STM32F4 razvojnem sistemu

& Mini USB

Prikljuditev :

* Mini USB priklop na kra

Poseben zacetni projekt za STM32F4 (e-udilnica) :

Si stranici, svetita rdeci LED diodi

« dodajanje vsebine (main.c):

E CubelDEWarkspace - STM32_USB_Key_LED/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

0O~ &
&5 Project Explorer %

-

¢ v v

O CubelDE_Workspace

& Delo

[ Node_V4 (in node_v4)

& Sluzba

[Z CAN_IEX_Module

= CAN_IEX_Module_bak

[ H7-BSP-LCD-0S

i ORLab-STM32

i ORLab-STM32H7

= ORLab-STM32H7_bak

i RALab-STM32H7

[ STM32_USB_Key_AdvDebug

[ STM32_USB_Key_FreeRTOS_AdvDebug
= STM32CubelDE_Adv_Debug

2 STM32F4_Discovery VIN_Projects
> = Audio_playback_and_record

> [ Buzzer PWM_Demo

> [ CAN_IEX_Module_Base

» [ CAN_IEX_Sniffer

> [ Initial_Breadboard_VIN

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

HAL_GPIO_TogglePin(GPIOD,
HAL_GPIO_TogglePin(GPIOD,
HAL_GPIO_TogglePin(GPIOD,

KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_@);
HAL_GPIO_WritePin(GPIOD, GPIO_PIN_15, KeyState);

CENERE TR A TR SRR SR A |

\

GPIO_PIN_12);
GPIO_PIN_13);
GPIO_PIN_14);

Mikro USB
VCom-port

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

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(1ee®);

}
/* USER CODE END 3 */

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects

STMS2 CubelDE, STM32F4 (izbrana dokumentacij

@ | STM32 CubelDE

@ | ORLab-STM32 - GitHub repozitorij

ﬁ User Manual Discovery kit stm32f407vg Uploaded 8/11/21, 1258
,- DataSheet_stm32f407vg Uploaded 8/11/21, 12.56

] Reference Manual rm0090-stm32f407417 Uploaded 8/11/21, 12.57

https://github.com/LAPSYLAB/STM32F4 Docs and Examples

! Programming_Manual_pm0214-stm32-cortexm4-mcus-and-mpu

ﬁ Arm Cortex-M4 Processor Datasheet Short Uploaded 28/10/21, 15.00

Cortex-M arhitektura, zbirnik

i ARM Cortex-M for Beginners ARM 2017 Uploaded 2810721, 14.50

https://github.com/LAPSyYLAB/ORLab-STM32
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q — Ostale platforme
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)

. 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/stm32h750b-dk.html
VIN - LV 13 © Rozman,Skraba, FRI
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— Ostale platforme
STEVAL-MKSBOX1V1 SensorTile.box razvojni sistem

STEVAL-MKSBOX1V1
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I

— A
L%
ACCELEROMETER
LIS2DW12
2
3D ACC+GYRO $
—

LSM6DSOX ™| 3\
N—

ACCELEROMETER
LIS3DHH

MAGNETOMETER

N\

LIS2ZMDL

TEMP+HUM
¢ SENSOR
HTS221

e
-

L

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

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:

Discovery sensors functionalities
using pre-defined functions

No need to program anything

KAJ VSE OMOGOCA APLIKACIJA?

Configure and
define new apps

Program - from Smartphone -
with objects

Develop specific functions using
development environment

Enter the powerful STM320DE

V realnem ¢asu s pomocjo senzorjev zaznava stanje v okolju, risanje grafov na podlagi
podatkov, shranjevanje podatkov v oblak - cloud logging.

e
>

23.60°C

i
L

1009.04 mBar 52.70 %

LA

Not Present

[Ty

=1
- O w

e

TILEBOX

Address: 249 EB:2BF5:F6
Type: SensorTile.Box

Update interval: 505 Change
Select the cloud provider

Azure loT Central - Contoso
Azure loT - ST Web Dashb, .) sk b
Azure loT
Aws loT
Charge: 00%
1BM Watson loT - Quickstart Charging
Voltage: 0.000 V
Current: not aval

1BM Watson loT

Generic MQTT

¥ & o

i P DU Cod Loy

Preprosta aplikacija za Stetje korakov s pomocjo merilnika pospeska
Zaznavanije otroSkega joka
o zaznavanje otroSkega joka preko mikrofona, prizig LED diode/opozorilo na
aplikaciji, ko je jok zaznan
Barometrska aplikacija
o omogoc¢a dodatno ponastavljanje senzorjev za temperaturo, tlak in viago,
prejete meritve prikaze grafi¢no v obliki
Sledenje prevazanim dobrinam, stanje v vozilu
o s primernimi tipali (npr. merilnik vlage) merimo pogoje, katerim bi bili
potencialno izpostavljeni izdelki, prevazani v nekem vozilu
Vibration monitoring
o dolo¢imo neko sprejemljivo meritev tresljajev, ki jih zaznamo z merilnikom
pospeska - o morebitnih odstopanjih obvestimo uporabnika in zabelezimo
dogodek
Compass and inclinometer
o belezenje sprememb v orientaciji SensorTile.box-a tekom ¢asa, graficni
prikaz meritev (npr. spremembe v smeri neba, naklon)

Ao W ®

zaznavanje shranjevanje kompas
pedometer  troskegajoka  podatkov
b % = W
nadzorovanje Sensor nadzofovanjo aktivnost
okolja Bt vozil, surovin

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html
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" J
VIN Projekt — Ostale platforme STM32F769 ST Discovery

STM Discovery F7 (Cortex M7)

*STM32F769NIH6 microcontroller featuring 2 Mbytes of Flash
memory and 512+16+4 Kbytes of RAM, in BGA216 package
*On-board ST-LINK/V2-1 supporting USB reenumeration

STM32

capability

port
*4" capacitive touch LCD display with MIPI® DSI connector (on
STM32F7691-DISCO only)

aws g

*SAl audio codec

*Two audio line jacks, one for input and one for output
Stereo speaker outputs

*Four ST MEMS microphones on DFSDM inputs
*Two SPDIF RCA input and output connectors

*Two push-buttons (user and reset)

*512-Mbit Quad-SPI Flash memory

+128-Mbit SDRAM

*Connector for microSD card

*Wi-Fi or Ext-EEP daughterboard connector

*USB OTG HS with Micro-AB connector

*Ethernet connector compliant with IEEE-802.3-2002

https://www.st.com/en/evaluation-tools/32f769idiscovery.html

eArduino™Uno V3 connectors
VIN - LV 16 © Rozman,Skraba, FRI
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" ARVIN'Projekt — Ostale platforme
STM Discovery MP1 (2xCortex A7 + 1xCortex M4) ST DI SCOVEFy STMBZM P157C

*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 ZMP 1
*USB OTG HS STM32

*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 480 % 800 pixels with LED backlight, MIPI
DSISM interface, and capacitive touch panel
*Wi-Fi® 802.11b/g/n

*Bluetooth® Low Energy 4.1

VIN - LV 17 © Rozman,Skraba, FRI



"
VIN projekt - STM32-CubelDE projekt, USART, GPIO
(LED, tipka), BSP

m STM32H7, STM32F4 Discovery board in ostale platforme

[ m Osnovna projekta v CubelDE: }

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

0 STM32H7:
m Touch panel (12C, reqistri, ...)

1 STM32F4:
m USB VComPort

VIN - LV 18 © Rozman,Skraba, FRI



CubelDE: delo na STM32 sistemih

E CubelDEWorkspace - STM32CubelDE

File Edit Source Refactor Navigate Search Project Run \
New Alt+ShiftsN > || %
. w = . y =
Vzpostavitev zaCetnega projekta : Open fle..
. v . Open Projects from File System...
« Uvoz obstoje¢ega (BSP) L Recent Fies ;
« Open projects from File System | I mportPojcts rom FeSystem o Avcive o X
i Import Projects from File System or Archive @
! This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.
H )
« Select project(s) ;
; Import source: ‘ D:\OneDrive - Univerza v Ljubljani\Delovni\Workspaces\Cubel DE\STM32F4_Discovery VIN v ‘ Directory... Archive...
[ type filter text | Select Al
Folder Import as A Deselect Al
STM32F4_Discovery VIN_Projects Eclipse project =
°

Nov projekt CubeMX ->

|

STM32F4_Discovery_VIN_Projects\Audio_playback_and_1 Eclipse project

2 of 8 selected

<

["]Hide already open projects

(v nadaljevanju) :
Use installed project configurators to:

Search for nested projects
E Detect and configure project natures

m CubelDEWorkspace - STM32CubelDE

Prevajanje, zagon :

DR~ vrEividigyeay

« Project -> Build Project Mo Belorer
= RA
~ =VIN
® R u n - > De b u g ~ &2 STM32F4_Discovery_Projects (in ST\
> = Audio_playback_and_record
> [ Buzzer PWM_Demo
o > [ Initial_Breadboard_VIN

Step (Into,Over), Breakpoints

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

File Edit Source Refﬁ)rﬂlﬂ% $6ar §am Rroject Run Window Help
0B (B Emtze S i y0 Qi@

> [ LED_Blink_Demo

MR DEal Paen AFRAL

m Cubel

ace - STM32CubelDE

|@i& ~ g File Edit Source Refa vigate Search
4 Debug # [ Project ExSTorer e -y Berime.txt @ main.c & stm3 N-HQ®B~R v Biwid -
~ [ LED_Blink_Demo Debug [STM32 Cortex-M C/C ;Z :/@m int 2 Project Explorer
~ B LED_Blink_Demo.elf [cores: 0] 75-int main(void) ~ S FRI
~ & Thread #1 [main] 1 [core: 0] (Suspended 75 { > BOR
= main() at main.c:84 0x800057¢ 77 /* USER CODE BEGIN = RA
W5 arm-none-eabi-gdb (8.3.1.20191211) 78 v &VIN

79
80
81
82
8 . .
HAL_Init();
- . .

*
o ST-LINK (ST-LINK GDB server) /* USER CODE END 1

» = Audio_playback_and_record
> [ Buzzer PWM_Demo

» [ Initial_Breadboard _VIN

> [ LED_Blink_Demo

/* MCU Configuratio

|all per

/* USER CODE BEGIN

)

v & STM32F4 _Discovery Projects (in STM32F4 D

" [ Close newly imported projects upon completion

File Edit Source Refactor Navigate Search Project Run Window Help

Open Project
Close Project

Build All Ctrl+B
Build Configurations >
Build Project | Build Project
Build Working Set >
Clean...

Build Automatically

Build Targets >
C/C++ Index >

Project Run Window Help

& ¥ & @ Run
45 Debug
Run History
© RunAs

Run Configurations...

Debug History
# Debug As
Debug Configurations...

Breakpoint Types
Toggle Breakpoint

/* USER CODE END In

19

/* Configure the sy
- —— -'_:.- -7

Toggle Breakpoint
- e s s 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.

*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 STM32H750B-DK_Working_projects
i 23sm.code DWT measurements_ _
re [ bsp23 (in bsp23_v2) 1
‘——-;?—.———————————J
s Binaries
& Includes
v (2 Core
= Components
= Inc
v = Src
[g main.c
lg stm32_lcd.c
lg stm32h750b_discovery_bus.c
lg stm32h750b_discovery lcd.c
l£ stm32h750b_discovery_qspi.c
lg stm32h750b_discovery sdram.c
[2 stm32h750b_discovery ts.c
l2 stm32h750b_discovery.c
lg stm32h7xx_hal_msp.c
lg stm32h7x it.c
[ syscalls.c
lg sysmem.c
l¢ system_stm32h7xx.c
l£ touchscreen.c
&= Startup
&2 Drivers
= Debug
= Fonts
[@ bsp23.ioc
E bsp23.launch
[ STM32H750XBHX_FLASH.Id
& STM32H750XBHX_RAM.Id

VIN - LV

20
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Osnovni projekt CubelDE — GPIO — razli¢ni nivoji programiranja

Baremetal - zbirnik Baremetal - C

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

/* USER CODE BEGIN 2 */

RCC->AHB1ENR |= 0x@8;
// Enable clock for GPIOD

GPIOD->MODER |= 0x01000000; //
MODE Register: bit 12 == out

// Make GPIOD Pinl2 as output pin (bits 25:24 in MODER register)
ldr r6, =GPIOD_BASE // Load GPIOD BASE address to r6é

1dr r5, [r6,#GPIOD MODER] // Read GPTOD MODER content to r5

and r5, 0xQ0FFFFFF // Clear bits 31-24 for Pl2-15

orr r5, 0x55000000 // Write 01 to bits 3.-24 for P12-15
str r5, [ré] // Store result in GPIOD MODER register

pop {r5, ré6, pc} /* USER CODE END 2 */

/* Infinite loop */

LED_ON:| /* USER CODE BEGIN WHILE */
push {r5, r6, 1r} +
// Set GPIOD Pins to 1 (through BSSR register) while (1)
1ldr r6, =GPICD_BASE // Load GPIOD BASE address to ré {
mov r5, #LEDs_ON - A .
str r5, [r6,#GPIOD_BSSR] // Write to BSRR register GPIOD->ODR 0X1000" //

pop {r5, r6, pc} Toggle PD12
LED OFF:

push {r5, r6, 1r}

// Set GPIOD Pins to (O (through BSSR register)

1ldr r6, =GPICD_BASE // Load GPIOD BASE address to ré

mov r5, #LEDs_OFF

str r5, [r6,#GPIOD_BSSR] // Write to BSRR register

pop {r5, ré, pc}

/* USER CODE END WHILE */

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

https://github.com/LAPSyL AB/ORLab- P
STM32/tree/main/GPIO_LEDs

https://github.com/LAPSYLAB/STM32F4 Discovery

VIN Projects/tree/main/LED GPIO C Baremetal C

RA, OR

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(10090);

}
/* 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/STM32F4_Discov

ery VIN Projects/tree/main/LED Blink Demo

VIN - LV 21
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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

" M

Spletni viri

Full range of STM32H7 training courses
available online

smart home

ARORERH IO

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://qithub.com/STMicroelectronics/stm32h750b-dk-bsp>

STM32H7

=" 2 b
0 STM32CubelDE basics
D 01 - Infroduction

MOOC - STM32CubelDE
basics

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

= 2

P Playall >3 Shuffle

Learn how to create your STM32 based
application using STM32CubelDE
STM32CubelDE can be used to create

applications for STM32 devices using
STM32Cube libraries (HAL and Low Layer
versions).

STM32CubelDE basics - 03 GPIO HAL lab

STM32CubelDE basics - 11 USART HAL lab

VIN - LV 22
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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
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Vir: UM2217 - HAL and Low-layer drivers

Bookmarks =

& o | N IEd Programska knjiznica Y<ri UM2217
3 y’ life.augmented
k1 General information A
ke 2 Acronyms and definitions Vsebuje pred prlpraVIJene User manual
«_ 3 Support of dual-core .. . . .
e funkcije za delo s sistemskimi Description of STM32H7 HAL and low-layer drivers
iy 5 Overview oflowlayer in V/I napravami. This section contains the following APIs:
ERe 6 Cohabiting of HAL and LL . : . . HAL IncTick
ke 7 HAL System Driver This section contains the following APls _ . 0
ke 8 HAL ADC Generic Driver HAL USART Transmit() . HAL_GetTick()
®ke 9 HAL ADC Extension Driver ¢ = N , . i i
kv 10 HAL CEC Generic Driver . HA L_usART_ReCEIVEO . HAL_Ge tch'kPno()
ke 11 HAL COMP Generic Driver This section contains the following APIs: HAL USART_TfﬂnsmﬂRece;'VE(j . HAL_SetTickFreq()
.12 HAL CORDIC Generic - . . :
whe 12 1A . HAL_Init() . HAL USA RT_Transmﬂ_!T(} HAL_GetTickFreq()
i 13 HAL CORTEX Generi *  HAL_Delnit() . HAL USART Receive_IT() *  HAL_Delay()
g o . - i ive IT() . HAL_SuspendTick()
m& 14 HAL CRC Generic Driver - HAL_Mspfn,[() . HAL UsART_TransmnRece]VE_ . -
ol 16 HAL CRYP Ganee iy »  HAL_MspDelnit() . HAL USART_Transmit DMA( © HAL_ResumeTick()
wpe 17 HAL CRYP Extension [ . HAL_InitTick() . HAL USA RT_Receive_DMAO Ao . HAL_GetHalVersion()
Driver - . -
@i 18 HAL DAC Generic Driver . HALﬂUSART_Tfaﬂsm‘tRecewe—D
R+ 19 HAL DAC Extension Driver
®je 20 HAL DCMI Generic Driver
. 21 HAL DFSDM Generic Thi .
e 21 35.2.4 S section conta;
Driver - ] . ﬂl‘alns th .
e 22 HAL DMA2D Generic O oper. ation funCﬁOns HAL 12¢ Init) ) fouowmg APls:
Driver Thi . . . -
ke 23 HAL DMA Generic Driver . his section Contains the following Apys: HAL_IZC‘DE‘,""’O
i 24 AL M Extnsion | MAL_GPIO_Readpin) ' " HAL 12C_mspiniy
kv 25 HAL DSI Generic Dri%er HAL»—,GP"O‘WFHCPIQ() : HAL‘!‘?C-MSpDeIn it
ke 26 HAL DTS Generic Driver *  HAL_GPIO T, ; * HAL | it()
i 27 HAL ETH Generic Driver R H - —1ogglePin() . 12 C_Regis!‘ercaﬂback
R 28 HAL ETH Extension Driver AL_ GP’O_LOCkPin() HAL 12¢ UnRegis terCallt 0
@ikt 29 HAL EXTI Generic Driver * HAL . - allback,
30 HAL FDCAN Generic . ~GPJ O_Ex T!_!RQHandlerU HAL_r2 C_R egisterAddrC 4
N Driver HAL_GP f (o] EX T‘f Ca”b * HAL I2C UH'R i a”baCk()
#k+ 31 HAL FLASH Generic Driver - - ack() - 7= egis l‘erAddrcaﬂbac k()
o5 32 HAL FLASH Extension :
Driver UM2217 - Rev 6 page 2/4020
R 33 HAL FMAC Generic Driver
e 34 HAL GXMMU Generic

‘N 4 2 of4020 B M| O
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" A
Vir: RM0433 Reference manual

Tehnicni opis MCU, vseh

naprav ‘
’I life.augmented R f RM0433
eference manual
STM32H742, STM32H743/753 and STM32H750 Value line

YSebuje podrobnejse
informacije za delo s

sistemskimi in V/I napravami. l advanced Arm®-based 32-bit MCUs
1" General-purpose POS (GPIO) . .vvvvnmmmmmmmsr sttt t 00 527
14 IOGUEHON o ree e n s 527
12 GPIO MAINfeatures ... ooree e 527
1.3 GPIO functional deSCHpHION . « .-« v wooes et 527
1131 General-purpose PO (GPIO) .« .vvvvvreeemmsesss sty 530
11.3.2 /O pin alternate function multiplexer and Mapping ...t 530
531

11.3.3 /O port COMrOl TEGISENS v v e ee et

11 General-purpose 1/0Os (GPIO)

1.1 Introduction

Each general-purposeé I/O port has four 32-bit configuration registers (GPIOX_MODER,
GPIOx_OTYPER, GP1Ox_OSPEEDR and GP10x_PUPDR), two 32-bit data registers
(GPIOx_IDR and GP1Ox_ODR) and a 32-bit set/reset register (GPle_BSRR). In addition
all GPIOs have a 32-bit locking register (GPIOx_LCKR) and two 32-bit alternate function
selection registers (GPIOX_AFRH and GPIOx_AFRL).

VIN - LV
24
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. Mikro USB priklop na daljsi stranici
(srednji ) ‘

elo na STM32 razvojnih sistemih
PrikljucCitev :
«  Mini USB priklop na krajsi stranici, svetita rdeCi LED diodi

STM32 CubelDE
 https://www.st.com/en/development-tools/stm32cubeide.html

[E CubelDEWorkspace - LED_PWM_Demo/Core/Src/main.c - STM32CubelDE - a X
File Edit Source Refactor Navigate Search Project Run Window Help

(S BvRvRind@vEvEvE Y BvOvY Ay @y v g vHYODGvD v m @ Q | e
G Project Explorer 20§75 gerimend WILED GPIO_C Baremetal Cioc @ mainc (@ mainc (2 stm32f4xc hal gpio.c B stm32f4xc hal gpio.h 2 main.c 9: Outline ** @ Build Targets B ewi=2o
& OR ~ MX_GPIO_Init(); u mainh
= RA MX_SPI1_Init(); # usb_deviceh

MX_USB_DEVICE_Init();

v: eV MX_TIMA_Init(); o hspit ndleTypeDet
« & STM32F4 Discovery_Projects (in STM32F4 ety VIN Project /* USER CODE BEGIN 2 * o htimd TV
& Audio_playback and record  BUFSIZE
1 Buzzer PWM_Demo MAL_TIM_PHM_StartE&htiM, TIM_CNANNEL_l; ; o SendBuffer: cha
HAL_TIN_PWM_Start(8htind, TIN_CHANNEL 2); A j
2 il Breadbosrd VN gl o R bl SystemClock Configivoid
SLED_BinK Demo 6 HAL_TIM_PWM_Start(8htimd, TIM_CHANNEL 4); " MX.GPIO Jrittvoid)
£ LED_Biink Demo_QEMU 7 4 MX_SPI1_Initivoid)
~ EILED_PWM _Demo * USER CODE END 2 * 1* MX_TIMA_nit{void)
 Includes R— « mainivoid) :int
RS /* Infinite loop */ 8 e i
@ Core BBl /* USER CODE BEGIN WHILE */ - SystemClock Configtvold)
& Inc while (1) =% MX_SPI1_lnit(void)
v &S { % MX_TIM4_Initivoid)

e htimd. Instance->CCR1 3 o MX_GPIO_Init{void)
htim4.Instance->CCR2

Bal

[ LED_PWM_Demo.ioc
LED_PWM_Demo Debug.launch
& STM32F407VGTX_FLASHId ;
& STM32FA07VGTX_RAMLIA e e e
~ [ STM32_USB Key_LED

Ay Mikro USB

HAL_Delay(1e@);

@ f4_hal, 15 . Handler(void)
stm32f4x hal msp.c P DeImS InatancesycoRs Error_Hand ‘er(vc?ldv :
9 stm32fdc it 117 htimé,Instance->CCR4 = 100-duty; A asse d v
@ syscalls.c 115 e
@ sysmem.c 119 /* USER CODE END WHILE */ ~
@ system_stm32f4xx.c 120 I
S i1 /* USER CODE BEGIN 3 */ e
2 P 122 snprintf (SendBuffer,BUFSIZE,"USB:0.1 secs. Duty=%d¥%\r\n",duty);
@ Drivers 123 CDC_Transmit_FS(SendBuffer, strlen(SendBuffer));
@ Middlewares 124
@ USB_DEVICE 125 duty = (duty +1) ;
= Dabug 126 if (duty > 100 )
| duty = 8;
Berime.tet :
1
1.

=R

~ @ Core
* @rief System Clock Configuration
i . VCom-port
& gpio.c Taomuntd Suctemclnck ComEialwi\ bed
2 i2cc
il i2s.c 22 Problems & Tasks @ Console 2 Tl Properties XK AR EEE MOy Y S0 5 Analyzer s Static Stack Analyzer 2t=0
4 main.c <terminated> LED_GPIO_C_ Baremetal C Debug [STM32 Cortex-M C/C++ Application] ST-LINK (ST-LINK GDB server) (Terrr
: z:)r‘ngﬂdxx_hal_msp( Verifying ... ~ Memory Regions Memory Details
@ stm32fdxx itc Region  Startadd.. End addr.. Size Free Used Usage (%)
@ sysaalls.c
2 sysmem.c .
B systenstndzienc Download verified successfully
= Startup
@ Drivers Shutting down...
@ Middlewares Exit.
8 11SR NEVICE ¥ b “w

-] Wiritable Smart Insert 134:1(535) ]
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https://www.st.com/en/development-tools/stm32cubeide.html

"
VIN projekt - STM32-CubelDE projekt, USART, GPIO
(LED, tipka), BSP

m STM32H7, STM32F4 Discovery board in ostale platforme

m Osnovna projekta v CubelDE:

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

0 STM32H7:
m Touch panel (12C, reqistri, ...)

1 STM32F4:
m USB VComPort
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I ) Mikro USB priklop na dalj$i stranici
Delo na STM32H7 razvojnem sistemu (srednji )
PrikljucCitev : :
« Mikro USB priklop na daljsi stranici (srednji !!!)

Poseben zacetni projekt in info za STM32H7 (e-udilnica mthub)
« dodajanje vsebine (main.c):

E CubelDEWorkspace - Sluzba/ORLab-STM32H7/5TM32H750B-DK_{_Basic/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

=il <2 le~& ~vRin|SidigrES~v@Ivegriwvlovaviosv{dpEr H~ilrorer
£ Project Explorer % BEY {78 @manc  Emainc X

O CubelDE_Workspace ~ 131

& Delo 132 /* Infinite loop */

133 /* USER CODE BEGIN WHILE */

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

¥ 1= Sluzba 135 {
[T 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-0S *m
= 139 /* USER CODE END WHILE */
2 ORLab-STM32 140 »
¥ > ORLab-STM32H7 141 /* USER CODE BEGIN 3 */ - -
= Docs 142 snprintf (SendBuffer,BUFSIZE,"USART3:%d secs\r\n",Cnt); = ronics pd
& DWT Cycles Measurements 1:‘31 HAL_UART_Transmit(&huart3,SendBuffer,strlen(SendBuffer),1); : s
um2488-discovery-kits-with-stm32h745xi-and-stm32h750xb-UM pdf
& GPIO_LEDs 145 HAL_Delay(1@e@);
~ & STM32HT508-DK_C_Basic 146 Cnte+;
v (= Core 147
& Ine 148  /* USER CODE END 3 */
¥ = Src 142 }
. 158
Lastni viri :

https://github.com/LAPSYLAB/STM32H7 Discovery VIN Projects

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

VIN - LV 27 © Rozman,Skraba, FRI



https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects
https://github.com/LAPSyLAB/ORLab-STM32H7

CubelDE — Vzpostavitev noveqa projekta s CubeMX

Nov projekt
m CubelDEWorkspace - STM32_USB_Key_LED/Berime.txt - STM32CubelDE
File FEdit Source Refactor Navigate Search Project Run Window Help

' New Alt+Shift+N > 'ﬂ Makefile Project with Existing Code
---------------C/C++Pr .ect
OpenFIIe'“ F 4 --------------1
& o oe] STM32 PrOJect

STM32. Pr0Ject from an E)ustmg g 5TM32CubeX Com‘lguratlon file ( |0c]
Project...

[
cl Edit Ctrl+wW _
ose ECl or. -r Convert to a C/C++ Project (Adds C/C++ Nature)
Close All Editors Ctrl+Shift+W & Source Folder
Save Ctrl+S | Folder
Save As... & Source File
Save All Ctrl+Shift+S [ Header File
Revert 1 File from Template .
@ Class I
Move... = Fea... Large Pi Docs & Reso D Data.., 4
Rename... F2 Other... . B
L= Fi UoLR LUULD DCUOLIWN T
&1 Refresh F5 15 #define BUF - I = I v v
stz o 3 — Izberi plosco -

Target Selection

& STM32 target or STM32Cube example selection is required

kit Ieveraqes the capabllmas of
the STM32F407 high-performanc
microcontrollers, to allow users t
develop audio applications easil
It includes an ST-LINK/V2-A
embedded debug tool, one

MCU/MPU Selectcr [SBeard'Selector| =xample

Boards List: 1item
MCU/MPU Series W | - - - LN N | - N | -w-
[ - | Overview  Xicommercial [T X[Market. Xunit Pri._ X[ Mounte_ X} \

* l STM32F407G.. Di... Active 19.89 :

I | Overview dcommer | type ] Marketin_dluntt Price. ] Mounted 5} I

I < . STM32HT... Discovery... Active 8.0 STMEZHT: I

Check/Uncheck All ]

Commercizn mm mm mm m - - - -,
part [ [|STM32F407 v

Number | |STM32F407G-DISC1
|

CommercialI

\—-----------_

L T4

STM32H750B-DK ~
Part Numbe
- STM32H750B-DK X 28 © Rozman,Skraba, FRI
L B N N N N N B |



Osnovni projekt CubelDE — CubeMX

Konfiguracija : prikljucki, knjiznice

v .

Project Sattings

rSTM32Cube MCU packages and software packs

© Copy all used lib

@ Copy only the necessary library files

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

Project Name

STM32H7

LED_GPIO,_C_Barematal

Projact Location

Application Structure

|Advanced

Generated files

[ Generate peripheral initialization as a pair of .c/.h' files per peripheral
[] Backup previously generated files when re-generating

¥ Keep User Code when re-generating

Delete previously genarated filas when not re-generated

Tosichain/ IDE

[STM32CubelDE

¢ Linker Settings

HAL Settings
[] Set all free pins as analog (to optimizs the powsr consumption)
[ Enable Full Assert

Minimum Heap Size

Minirmum Stack Size

Thread-safe Settings-
Cortex-M4NS

Template Settings:

Select a template to generate customized code

Meu Reference

[ETM32F407VGTx

Firmware Package Mame and Varsion

[6TM32Cube FW_F4

LSE
9 Lse | o]
LSIRC
0-1000 KHz Lsl
— @
132 KHz
—  Enable CSS

L 32 To RTC (KHZ)

HSIRC

1 V‘

[To IWDG1,2 (KHz)
gl S

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

System Clock Mux

oo U@ | svscik M

PLL Source Mux

4 TN N N EENy,

g

input frequency

o]

Enable

SAI Clock Mux

—_—®

°

~

O] Enable multi-threaded support
Thread-safe Locking Strategy

Mew and Firmware Package

Mapping sufabie strats

D1CPRE Prescaler

L _ & &8 N B § B &}

ID:\DetovnilCubel DE\Cubsl DEWorkspace

[0 Ba net generate the main()

Toakhain Folder Lacation

[pazoo
[pxano

480 MHz max
SPI1,2,3 Clock Mux

PLLIO
kil O)

PLLIP
—
125_CKIN

—
PER_CK

Advanced Settings

HPRE Prescaler

we | Qb o |l e[ o | vl

| £ o

Reset_State
LTDC_VSYNC|
) e e
(ol b il 9 )
EVENTOUT
GPIO_EXTI13

Reset_State
LTDC_R3
o (Sl i

EVENTOUT
GPIO_EXTI2

O
To DFSOM ACLK (MHz)
9 F:

Generated Function Calls

Generate Code

“ Peripheral Instance Name M Do Not Generate Function Call
RCC O

1 SystemClock_Config
2 MX_GPIO_lnit GPIO O
3 MX_ADC1_lnit ADC1 O
4 MX_ADC2_Init ADC2 O
5 MX_ADC3_lnit ADC3 O
6 MX_ETH_lnit ETH O
7 MX_FDCAN1_Init FDCAN1 O
g MX_FDCANZ_nit FDCAN2 O
9 MX_FMC_Init FMC O
10 MX_LTDC_Init LTDC O
11 MX_QUADSPI_Init QUADSPI O
12 MX_RTC_Init RTC O
13 MX_SAI2_Init SAI2 (e
r 8 & _R_ R _ &N _ N _ R _R_&E &R _ &R &N &R R R~ ]} -1
14 MX_SDMMCT1_MMC_Init SDMMC1
— 71 v mhu_;-pml—'m---------- [ _ N 4
> B4 To AHB1,2 Peripheral Clacks (MHz)
D2PPRE1
l— I e TaAPBl Poripheral Clocks (MHz)
arenes X1 “ To APB1 Timer Clocks (MHz)
120 Mz max
l— IR To APBZ Peripheral Clocks (MHz)
X1 I—D “ To APB2 Timer clocks (MHz)
D3IPPRE
120 Wz max .
1 v
4 — Prever|
PCLK2 @
T .
- < nastavitve
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ace - STM32_USB_Key LED/Core/Src/main.c - STM32CubelDE
Refactor Navigate Search Project Run Window Help
e >r®ymianidigyar Open Project

Osnovni projekt CubeMX — USB Virtual

Project Explorer Close Project r
= FRI .
Program : za posiljanje po USB Virtual COM Port (USART3) | . “!:“A" o cti+B
&= RA b Gl S
/* Private variables -------------------------------- v & VIN 'B'-H'W'k-
« & STM32F4_Discovery_Projects (in STh :“' orang >¢
& Audio_playback_and_record L
/* USER CODE BEGIN PV */ ‘ B o Do Build Automatically
#tdefine BUFSIZE 256 > [ Initial_Breadboard_VIN Build Targets >
char SendBuffer[BUFSIZE]; igig-g:ﬁﬂtgemo - C/Cs+ Index R
int Counter; . ELED7P$N17 ;:;:(;Q @ Generate Report
/* USER CODE END PV */ v ESTN‘I_SLUS_BiKenyED & Generate Code

Properties

> @ Includes
v & Core

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

6 — Build
project

/* 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/Sr 0.8 wad M32CUbelDE L -
File Edit Source Refactor Navigate Search Projfict Run Window Help

HAL_Delay(lO@O); §ﬁvwwm\®"'l“®ﬁ'ﬁ‘ﬁ‘|@%mn

Counter++; % Project Explorer & ‘_m

~ = FRI Run History

» =0R O RunAs
= RA [P Y - ST SR

}
/* USER CODE END 3 */ [ — Debug

VIN - LV p rOJ eCt © Rozman,Skraba, FRI




m CubelDEWorkspace - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help
v EHR ® >R v@inidig~ &~ Open Project

CubelDE — Zagon, debuqg v

» =2 0R

Build Configurations >
= RA
v & VIN Build Project

o STM32F4 Discovery Projects (in ST ouild Working Set

Prevajanje, zagon :

B _ R > = Audio_playback_and_record Clean..
* Project -> Build Project » 2 Ruszer PWM Domo Build Automatically
m CubelDEWorkspace - STM32CubelDE s >
File Edit Source Refactor MNavigate Search Project Run Window Help n >

MU R ®~A~v@ividig~a~E~6 & Run
& Project Explorer 2
v = FRI

> = OR

Run History
O RunAs

Run Configurations...
v =VIN

v =2 STM32F4_Discovery_Projects (in STM32F4_Di
> = Audio_playback_and_record
> [ Buzzer PWM_Demo
» [ Initial_Breadboard_VIN Breakpoint Types
» [ LED_Blink_Demo

o MEarms Rt L kA

Debug History
## Debug As
Debug Configurations...

* Run -> Debug

® Toggle Breakpoint

m CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32Cubel DE

File Edit Source Ref#:rﬂl“*ah @d G Project Run Window Help
iNvdo Biegm| ez dics 2iditsry Oy G i®y
T Project ExSTOTE T - = Berime.txt & main.c stm3
~ [E LED_Blink_Demo Debug [STM32 Cortex-M C/¢ /3 7 @retval int

74 *
° Step (I nto Ove r) Breakpoints ~ i LED_Blink_Demo.elf [cores: 0] 75'*'int/main(void)
H H ~ ® Thread #1 [main] 1 [core: 0] (Suspended . 7g5 {
= main() at main.c:84 0x800057c 77 /* USER CODE BEGIN

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

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

8 e i 211 per
HAL_Init();l

- . ..
86 /* USER CODE BEGIN

88 /* USER CODE END In

Build <->Debug
project, ...

%e /* Configure the sy
-r-----'—.:--r

Toggle Breakpoint
-_—— s e e o
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Osnovni projekt CubelDE — GPIO - tipka, LED diode

e —

3v3

HW13
& BLUE HAT

1
D0341X-G01-BLU

R231
100R

HAL - C UM2217

/* USER CODE BEGIN PV */
#define BUFSIZE 256

char SendBuffer[BUFSIZE]; . )
int Counter; Description of STM32H7 HAL and low-layer drivers
int KeyState=0;

User manual

35.24 10 operation functions
This section contains the following APIs:
. HAL_GPIO_ReadPin()
. HAL_GPIO_WritePin()
+  HAL_GPIO_TogglePin()
+  HAL_GPIO_LockPin()

/* USER CODE END PV */

/* Infinite loop */ +  HAL_GPIO_EXTI_IRQHandler()
/* USER CODE BEGIN WHILE */ +  HAL_GPIO_EXTI_Callback()
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 */ 6 USA RT

/* USER CODE BEGIN 3 */

/3: USER CODE END 3 */ COM Port

Buttons
7l r230 ——— — —
¢ 330R PC13 _WAKEUP l
31
220K 'SDA7P60-IU1M
< [N

V3

R e et

P = - —
i1z Ot LCD HSYHL
PIL3 :

|
i
MIS e
Fn = T
o1l B LCD RS
Bl 1€ LED]

1T 1N ke
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¢/main.c - STM32CubelDE

roject Run Window Help

Osnovni projekt CubelDE — USB Virtual COM Port

IvEHRI® > v minidig~y &~ Open Project
Project Explorer Close Project F
S P . = FRI .
Program : za poSiljanje po USB Virtual COM Port e oR Build Al Ctrl+B
Bujld iqurati
& RA
/* Private variables ------------------ oo v & VIN ; —
~ & STM32F4_Discovery_Projects (in STI. ELiTWerdRg 58
/* USER CODE BEGIN PV */ » & Audio_playback_and_record Clean...
#define BUFSIZE 256 ’ » [ Buzzer PWM_Demo Build Automatically
char SendBuffer[BUFSIZE]; > mnmmgmmmom¢yw Build Targets >
int Counter; > [ LED Blink Demo C/C++ Index >
n ’ > [ELED Blink Demo QFMU
int KeyState=0; . [ LED PWM Demo I Generate Report
= = & Generate Code
v [ STM32_USB_Key LED
/* USER CODE END PV */ > @ Indudes Properties

v & Core

/* Infinite loop */

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

{

8 — Build

project

HAL_GPIO_TogglePin(GPIOI, GPIO_PIN_ 13);

KeyState); l

5IZE,"Hello World [%d]: Key:%d\r\n",Counter++,KeyState);
art3,SendBuffer,strlen(SendBuffer),100);

KeyState = HAL_GPIO_ReadPin(GPIO
HAL_GPIO_WritePin(GPIOJ, GPIO

snprintf(SendBuffer,P
HAL_UART_Transmi

m CubelDEWorkspace - STM32_USB_Key_LED/Core/Src/main.c - STM32CubelDE
L= B B N N N N N 3

HAL_Delay(lOGO), File Edit Source Refactor Navigate Search Projef Run Window Help

/* USER CODE END WHILE */ R e S R A A A KX

R ProjctEplorr Lo g m
/* USER CODE BEGIN 3 */ T e e :
} R O RunAs :

e

/* USER CODE END 3 */

VIN - LV
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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)

-
o

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

| Datoteka Dejanje Pogled Pomo¢

a= T Hr = &2 putTY Configuration ? X
' E” Druge naprave Category.
' & Graficne kartice = Session Basic options for your PuTTY session
. “Loggi
@ Kamere —-Terrzii?al\n 9 Specify the destination you want to connect to
w2 Krmilniki IDE ATA/ATAPI ' Keyboard Senatine T el A
S Krmilniki shrambe - Bell I |COM4 Hﬂszool \|
- o " Features
¥ Krmilniki USB ~ \Window I Connection type: |
il Kr.r'vmln!kl za zvok, video in igre - Appearance ‘ ()sSH (@ Serial () Other | Telnet v I
w Miske in druge kazalne naprave .- Behaviour 7 —
B Napraves programsko opremo
¥ Naprave z univerzalnim serijskim vodilom o~ N N N N

@ Omrezne kartice
B prenosne naprave
O Procesorji

@ Racunalnik

i3 Sistemske naprave

& COM4 - PuTTY )

!‘ Software components

= Tipkovnice

¥ USB Connector Managers

B Varnostne naprave

* Vdelana programska oprema

s Vnosne naprave (HID)

v [ Vrata (COM in LPT)
ﬁ Standard Serial over Bluetooth link (COMS5)

=Rl dardhartial Quetllietealh MoKl QM Qe e
I W STMicroelectronics STLink Virtual COM Port (COM4) I

e 4 N N N N N N N N N N N N N N 4

VIN - LV 35 © Rozman,Skraba, FRI


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

"
VIN projekt - STM32-CubelDE projekt, USART, GPIO
(LED, tipka), BSP

m STM32H7, STM32F4 Discovery board in ostale platforme

m Osnovna projekta v CubelDE:

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

[ STM32HT:
s Touch panel (12C, reqistri, ...)

[ STM32F4:
m USB VComPort
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BSP projekt CubelDE — Touch, LCD screen demo

[ CubelDEWorkspace - STM32CubelDE

P ro g ram : TO u C h SC ree n D e m 0 ( I 2 C4) File ::: Source Refactor Navigate SH"::L;?::; fun;
Vzpostavitev zaCetnega projekta : Gl 1
. . . A . Open Projects from File System...
int main(void) +  Uvoz obstojeéega IS ot e s
{ + Open projects from File System I T3 importPrecs from Fe Syste or Avchive o x
/* Enable the CPU Cache */ ! Import Projects from File System or Archive =
CPU_CACHE_Ena ble ( ) H . This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE —
+ Select project(s) i
/* STM32H7xx HAL library initialization:*/ void Touchscreen demo(void)-‘-“h‘"“-—___‘____‘,:‘mmwmm — T
. - + [ type filter text Select All
HAL_Inlt( ) 5 { . [Folder Import as B =
. STM32F4_Discovery_VIN_Projects Eclipse project
. uint 16_t x1 5 y1 5 STM32F4_Discovery_VIN_Projects\Audio_playback_and_i Eclipse project 20f 8 selected
/* Configure the system clock to 400 M uint8 t state = 0; o | TTHde skesy open profects
3 . - + [ Close newly imported projects upon completion
SystemClock_Config(); uint32_t ts_status = BSP_ERROR_NONE; | B e
uint32 t x size y size' ' 7] Search for nested projects
— — Bl — ) M and configure project natures
BSP_LCD_Init(@, LCD_ORIENTATION_ LANDSCAPE); § ot ot
UTIL_LCD SetFuncDriver(&LCB”Driver);
. BSP_LCD_GetXSize(@, &x_size); int32_t BSP_TS_Init(uint32_t Instance, TS_Init_t *TS_Init)
Touchscreen_demo(); BSP_LCD_GetYSize(®, &y size); {

/* Wait For User inputs */ int32/% ret = BSP_ERROR_NONE;

hTS.Width = x_size;
hTS.Height = y_size;

hTS.Orientation =TS_SWAP_XY ;
hTS.Accuracy = 5;

if((Instance >=TS_INSTANCES_NBR) || (TS_Init->Width == eu) ||(
TS_Init->Width > TS_MAX_WIDTH) ||\

(TS_Init->Height == @U) ||( TS_Init->Height > TS_MAX_HEIGHT) ||\
(TS_Init->Accuracy > TS_MIN((TS_Init->Width), (TS_Init->Height))))
{

. e A . )
int32_t BSP_I2C4_ReadReg(uint16_t DevAddr, uintl6_t Reg, é T:“f‘%egg;;;z 'izgtlgETS/ _ ret = BSP_ERROR_WRONG_PARAM;
uint8_t *pData, uintl6_t Length) s_status = BSP_TSZInit(e, )}

{ else
int32_t ret; h
/5 T N e - if(FT5336_Probe(Instance) != BSP_ERROR_NONE)
I if(I2C4_ReadReg(DevAddr, Reg, I2C_MEMADD_SIZE_8BIT, I s
l pData, Length) == 0) ' Pii4__1CD CLK 30 REOISINAS.CIGRE" s CD RO PI15
W S . Prz_LcD nsyNG | iR RO 6 CD P
Pi9LCD VSYNGS | yoyne R2 1 gj 5'/14;
ret = B5P_ERROR_NONE; U2 PK?_LCDDE 34 | o R C PJ!
Yelse{ e — K7, PD7 LCD DT 51 Pigy ol e s
if( HAL_I2C_GetError(&hbus_i2c4) == HAL_I2C_ERROR_AF){ e - Ry [ LD®T Py
ret = BSP_ERROR_BUS_ACKNOWLEDGE_FAILURE; SWCLK 12€4 L ] B LeD_ie VBL+ Go R
So VBL- al CD G2 PJ
}else{ & QUTD a CD G _PJI0
ret = BSP_ERROR_PERIPH_FAILURE; xg::{’; Ao § . e @ o [ s 2
} PDM DM SDA G6 9 C PIT
® Audio_12C RESET a7 20 LCD PK2
} B0 CD B0 PJI
return ret; 1SR OTG B o CD BI_PJT
VDD B2 -
} B3 ;
anp b4 B b—pKs
VIN - LV 37 oD £ o no RS
_— a8 CD B7__PK6

Default 12C Address : 01110000



"
VIN projekt - STM32-CubelDE projekt, USART, GPIO
(LED, tipka), BSP

m STM32H7, STM32F4 Discovery board in ostale platforme

m Osnovni projekt CubelDE in CubeMX

- CubeMX (HAL knjiznica, BSP) - STM32H7, STM32F4]
m GPIO — nivoji programiranja
s GPIO —tipka, LED diode

0 STM32HY:
m Touch panel (12C, reqistri, ...)

[m STM32F4: }

m USB VComPort
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Delo na STM32F4 razvojnem sistemu

§ Mini USB

Prikljuditev :

«  Mini USB priklop na krajsi stranici, svetita rdeCi LED diodi

Poseben zacetni projekt za STM32F4 (e-udilnica) :

mw e

« dodajanje vsebine (main.c):

E CubelDEWerkspace - STM32_USB_Key_LED/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

milhd | B~&Rv@Bia|Sd@grvyavErv@~ry Ol yIv dBETHyivrorey vimta
It Project Explorer X B%T 8 =0 @manc x
O CubelDE_Workspace A 103 .
& Delo 105 7+ USER CODE BEGIN WHILE */
[ Node_V4 (in node_v4) 106 while (1) LA
v & Sluzba 107
[Z CAN_IEX_Module 108
2 CAN_IEX Module bak 109 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12); M H k U S B
= H7-85P-LCD-0S 110 HAL_GPI0_TogglePin(GPIOD, GPIO_PIN 13); IKIo
111 HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_14);
5 ORLab-STM32 11
= ORLab-STM32H7 113 KeyState = HAL_GPIO_ReadPin(GPIOA, GPIO_PIN_®); VCO m -p O rt
& ORLab-STM32H7_bak 114 HAL_GPIO_WritePin(GPIOD, GPIO_PIN_15, KeyState);
> RALab-STM32H7 ﬂz
D 5TM32_USB_Key AdvDebug 117 snprintf(SendBuffer,BUFSIZE,"Hello World [%d]: Key:%d\r\n",Counter++,KeyState);
[T STM32_USB_Key_FreeRTOS_AdvDebug 118 CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));
= STM32CubelDE_Adv_Debug 119
~ 1 STM32F4_Discovery VIN_Projects 128 /* USER CODE END WHILE */ -
& Audio_playback and record 121 2 CubelDE, STM32F4 (izbrana dokurmentacij
122 /* USER CODE BEGIN 3 */
[ Buzzer PWM_Demo 123 HAL_Delay(1008@); o
I3 CAN_IEX_Module_Base 24 0y T T Razvojni sistem -----------
[ CAN_IEX_Sniffer 125 /* USER CODE END 3 */
[ Initial_Breadboard _VIN Eg ¥ @] STM32 CubelDE

Lastni viri :

@ | ORLab-STM32 - GitHub repozitorij
ﬁ User Manual Discovery kit stm32f407vg Uploaded 8/11/21, 1258

,. DataSheet_stm32f407vg Uploaded 8/11/21, 12.56

https://github.com/LAPSYLAB/STM32F4_Discovery_VIN_Projects ® eference Manual mo0so-stm321407417 isded s, st

https://github.com/LAPSYLAB/STM32F4 Docs and Examples

! Programming_Manual_pm0214-stm32-cortexm4-mcus-and-mpu

ﬁ Arm Cortex-M4 Processor Datasheet Short Uploaded 28/10/21, 15.00

--------- Cortex-M arhitektura, zbirnik -----------

i ARM Cortex-M for Beginners ARM 2017 Uploaded 2810721, 14.50

https://github.com/LAPSYLAB/ORLab-STM32

I

OR - Organizacija racunalnikov 39


http://www.fri.uni-lj.si/si
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects
https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples
https://github.com/LAPSyLAB/ORLab-STM32

Osnovni projekt CubelDE —
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Konfiguracija : prikljucki, kn

rSTM32Cube MCI

U packages and software packs

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

rGenerated files

[ Generate peripheral initialization as a pair of .c/.h' files per peripheral
[] Backup previously generated files when re-generating
Keep User Code when re-generating

Delete previously genarated filas when not re-generated

HAL Settings
[ Set all free pins as analog (to optimize the power consumption)

[ Enable Full Assert

r Template Settings-

Setting:

Select a template to generate customized code

TR CS_I2CISPI [LIS302DL_CS_I2CISP]]

jiznice STM32F4

SWDIO
OTG_Fs_DP
Project Sattings oTo_Fs_pM
Project Narme

LED_GPIO_C_Barematal_C | OTG_FS_ID

PC14-0SC32_IN VBUS_FS

Projact Location

[D:\DekovniCubel DE\Cubel DEWorkspace ] PC15-0SC32_0UT

Application Structure
[0 Ba net generate the main()

[advanced
Tockhain Feider Location PHO-0SC_IN 1283_MCK [CS43L22_MCLK
PH1-0SC_OUT L _ 8 4
Tocihain / IDE LD6 [Blue Led] '
[STM22CubalOE | OTG_FS_PowerSwitehon LD [Red Led]

LD3 [Orange Led]

kys

Linker Settings
Minimum Heap Sze

LD4 [Green Lec]

PDM_OUT [MP450T02_DOUT] ——

STM32F407VGTx
LQFP100

Minirmum Stack Size

Thread-safe Settings-

Contex-M4NS
O] Enable multi-threaded support B1 [Blue PushButton]

Thread-safe Locking Strategy

Mapging s gy depending on R

Meu and Firmwars Package 2
Mcu Reference o
STM32F407TVGTx g E g‘ g © g‘
5
RTC Clock Mux £ o8 2 9 <
a 2248 “ g
HSE HSE RTC Use |atest available version o @ g 2 5
Input frequency S == 3 E
S To RTC (KHz) ER-l :
LSE >0 5508 s
B
R
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© =
> To IWDG (KHz) =L | memorvand DMA (MHz)
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16 MHz vsel SYSCLK (MHz) $ AHB Prescaler  HCLK (MHz) APB1 Prescaler -
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PLLCLK

PLL Source Mux

APB1 Timer clocks (MHz)

APB2 peripheral clocks (MHz)

Input requency 18 ~eix336 v 12 v
-.—: M N P APB2 timer clocks (MHz)
\2-2- N N N BN N . - m “ 48MHz clocks (MHz)
MainPLL g
12S source Mux
PLLIZSCLK PLLIZSCLK
X192 v 12w > ®
. PLLI2S 125 clocks (MHz)
Input frequency I .
MCO2 source Mux
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Berime.txt  [*LED_GPIO_C Baremetal C.ioc &
Berime.txt [ *LED_GPIO_C_Baremetal (i 5 U S B
—
Pinout & Confir
Q ’@5 USB_DEVICE Mode and Configuration

N
Osnovni projekt CubelDE — USB Virtual COM Port
Pinout & Configuration Clock Configuratig
' Categories | .>2
e Device Eroea

Konfiguracija : USB Device,CDC Class = Virtual COM Port
v Software Packs
= Class For HS iP|Disable |

Categories | A Mode Comnectivity Class For FS IP Disable v
5 Mode |Device_Only ¢ Disable
System Core [ 8 CAN1 Audio Device Class
t| Actlvate_SOF CAN2 Communication Device Class (Virtual Port Com)
> @ ETH N S O TP EPE O P R P
Analog Activate_VBUS
clivate_ FsSMC Human Interface Device Class
. v 12C1 Custom Human Interface Dg s (HID)
Timers > @ 12c2 Mass Storage Class
12C3
e e @ spio
Connectivity J ~ v SPI1
- .. .

SPI2

-

CANT @ UARTS,
-_—) : .
e Virt. COM Port
FSMC USART3 bk -

il USART6
+ USB_OTG_FS
° :igg USB_OTG_HS Configuration
@ sDIo
Ve Multimedia >
SPI2
Security >
@ UART4
© UARTS Computng >
@ USART1 - e
USART2 Reset Configuration L . |
USART3 S— S .
A=y FATFS
-~ = . ] Parameteetrh;i:tings & User Cztr:gzzts 3 FREERTOS
PG use_oTc, rs S FrREERT
AN I IEE BN NS -
MBEDTLS
L B N |
([ Ges oevies
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ST M 3 2 F4 ED/Core/Src/main.c - STM32CubelDE

Search
miwidig v & v

Osnovni projekt CubelDE — USB Virtual COM Port

Project Explorer Close Project }
. vaps . . & FRI .
Program : za posiljanje po USB Virtual COM Port e on i) AL G
Build Configurati
= RA
/* Private variables -----------------ommmmeeoo o v & VIN .B.,m,_'_
+ & STM32F4_Discovery_Projects (in ST\ :“ oriing ¢
- Clean...
> = Audio_playback_and_record
/* USER CODE BEGIN PV */ ’ + I Buzzer PWM Demo Build Automatically
#define BUFSIZE 256 > [ Initial_Breadboard_VIN Build Targets >
char SendBuffer[BUFSIZE]; » [ILED Blink Demo C/C+ Index ,
int Counter; > O LED Blink Demo_QEMU @ Generate Report
> [E LED_PWM_Demo
/* USER CODE END PV */ v [3 STM32 USB Key LED & Generate Code
7 — U S B > @ Includes Properties
v & Core

VCP koda

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

{
snprintf(SendBuffer,BUFSIZE, "Hello World [%d]\r\n",Counter++);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

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

File Edit Source Refactor Navigate Search Proj

m CubelDEWorkspace - STM32_USB_Key_LED/Core/Sr

Project Run Window Help

Open Project

8 — Build
project

!

Tk Pl e e ey

'Run Window Help

} HvLGl®vRvEieid@vs Y6 & Run
/* USER CODE END 3 */ © Project Explorer & \ m
L 8 B &R &R & &N B _§ |
~ = FRI Run History
» 20R O Run As

= RA

9 — Debug

N T PR S

VI project
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Osnovni projekt CubelDE — USB Virtual COM Port

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

8 & Upravitelj naprav

Datoteka Dejanje Pogled Pomod

3
q 4w = u g2 !f X s
i -
@ USB Composite Device
@ USB Mass Storage Device [ g gy -THF e —— -I ] e

CoOM1S
- -

§ USB Reot Hub ——— e —
§ USBRoot Hub
@ USB Root Hub (US8 3.0)

& Krmulnika za zvok, video in igre

‘y Mike in druge kazalne naprave

' ’\\‘.;’V‘f’.?"r'ﬂi’lﬂ'?",‘u-" opremeo

, Naprave : univerzalnim senziim vodilom

IBF Omureine kartice

= Pogoni DVD/CD-ROM

B Prenosne naprave

[ Procesosji

[ Racunalnik

£ Sistemnske naprave

=2 Tipkovnice

4 Vnosne naprave (HID

v @ Vrata (COMin LPT
W Communications Port (COMT)
W Intel(R) Active Management Technology - SOL (COM3)
W Pnnter Port (LPT)
Jéuc“fmr“cuﬂ'm&‘*ﬁmm! COM Port (COM14)

W USB Senal Device (COM15)
(] T --'

§ 2Zvoénivhodi in chodi
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GPIO Krmilnik
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Vir: RM0090 Reference manual

(—— RM0090
l fed Reference manual
life.augmente nd
’ STM32F405/415, STM32F407/417, STM32F427/437 a

® d 32-bit MCUs
Arm~-base
STM32F429/439 advanced
... 267
................. 267
‘0} _____________________ .?_E‘T
urpose ‘!GE {GP _____________________
General-p o 267
GP\G s < rrenrsemrerre 269
8.1 main features .. flon . .oee et
S epometona despion o 270
’ PIO functiona! WGP 274
8.3 G eral-purpose ing ..ottt
831  Gen e e 274
1O pin m Q™ il 274
2
ban 10 portconsolegg General-purpose 1/0s (&pio)
8.3. ia re-gls
/O port da
834 twise b
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ada : m
GPIO locking
6
5 /O alternate fun : :
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GPIO krmilnik — /izhod

Figure 25. Basic structure of a five-volt tolerant I/O port bit

e |
To on-chip Analog |
peripheral | |
Alternate function input [
- —— [}
| : ! on/off
R
P Read | o [ (1)
- 20 |
|
SN .
o 15 | TTL Schmitt )
8 R g : trigger on/off P‘;nggtlon
el e ’

} 14 - Input driver .
Write = Iz b 1 L) LA UL e ——— g IO pin
— T B :.—_' ettt oo

22 Output driver Y
= 12 DD on/o i
L 1 i
@ 3 I —d[ P-mos
1 ‘g’_ 1 Output
s 1 control
Readiwrite 1| 3 I il —[ N-MoS
1 1
From on-chip L - ! | Vss
- - ) Push-pull,
peripheral Alternate function outpﬁ‘.d open-grain or
’ \_N ——— ——— ——— ——— ——— ——— ——— —.ﬂs—a.liei.- —.fl_l Analog
ai15939b

Potrebni koraki za krmiljenje izhoda:
1. RCC_AHBI1ENR(Peripheral Clock Register): b;=1 .. Port D Enable
2. MODER (Mode Register): 01: General purpose output mode
3. Default vrednosti Ze ustrezne v registrih :
OTYPER (Output TYPE Register): 0: Output push-pull (reset state)
OSPEEDR (Output SPEED Register): 00 — Low speed (reset state)
PUPDR (Pull Up/Down Register): 00 — No pull (reset state)

4. doloci stanje izhoda s pisanjem v ODR ali BSRR (nastavljamo Na 1/0)

i OR - Organizacija racunalnikov
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INIT IO:

push {r5, ré,
// Enable GPIOD Peripheral Clock (bit 3
r6, = RCC_AHBLENR

ldr
ldr
orr
str

// Make
r6, =GPIOD BASE

1ldr
1ldr
and
orr
str

Osnovni projekt CubelDE — GPIO — razlicni mogoci nivoji programiranja

r5, [ré]

r5, 0x00000008

r5, [re]

Baremetal - zbirnik

1r}

in AHBIENR register)

// Load peripheral clock reg address to ré
// Read its content to r5

// set bit 3 to enable GPIOD clock

// Store result in peripheral clock register

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

// Load GPIOD BASE address to r6é

r5, [r6,#GPTOD MODER] // Read GPTOD MODER content to r5

rb, 0xO00FFFFFF
r5, 0x55000000

r5, [ré]

// Clear bits 31-24 for P12-10
// Write 0l to bits 31-24 for P12-150
// store result in GPIOD MODER register

pop {r5, ré, pc}

LED_ON:|

push {r5, r6, 1r}
// Set GPIOD Pins to 1 (through BSSR

register)

Baremetal - C

/* USER CODE BEGIN 2 */

RCC->AHB1ENR |= 0x@8;

// Enable clock for GPIOD

GPIOD->MODER |= ©x01000000;

MODE Register: bit 12 == out

/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
GPIOD->0DR “~= 0x1000;

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(10090);
¥

//

1ldr r6, =GPICD_BASE // Load GPIOD BASE address to ré
mov r5, #LEDs_ON
str r5, [r6,#GPIOD_BSSR] // Write to BSRR register
pop {r5, ré, pc}
LED OFF:
push {r5, r6, 1r}
// Set GPIOD Pins to (O (through BSSR register)
1ldr r6, =GPICD_BASE // Load GPIOD BASE address to ré
mov r5, #LEDs_OFF
str r5, [r6,#GPIOD_BSSR] // Write to BSRR register
pop {r5, ré, pc}

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

STM32/tree/main/GPIO LEDs

Po

f https://github.com/LAPSYLAB/STM32F4 Discovery

Toggle PD12
/* USER CODE END WHILE */

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

}
/* USER CODE END 3 */

’ VIN Projects/tree/main/LED GPIO C Baremetal C

trebni koraki za krmiljenje izhoda:

I

1. RCC_AHB1ENR(Peripheral Clock Register): by=1 .. Port D Enable
2. MODER (Mode Register): 01: General purpose output mode

3. Default vrednosti Ze ustrezne v registrih :

OTYPER (Output TYPE Register): 0: Output push-pull(reset state) »
OSPEEDR (Output SPEED Register): 00 — Low speed (reset state)

PUPDR (Pull Up/Down Register): 00 — No pull (reset state)

4. doloci stanje izhoda s pisanjemv ODR ali BSRR (nastavljamo Na 1/0)

/* 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 OQuput 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/STM32F4 Discov

ery VIN Projects/tree/main/LED Blink Demo

OR - Organizacija racunalnikov
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L i
Nor Fifted T % "
e =
. . . . 5.
Osnovni projekt CubelDE — GPIO — tipka, LED diode T | b z=
! -] 100aF ﬂ:$ g
HAL - C ] - ’
- 330
UM1725 Ve —— Lrae
/* USER CODE BEGIN PV */ TR
#tdefine BUFSIZE 256 User manual ==
char SendBuffer[BUFSIZE]; )
int Counter; Description of STM32F4 HAL and low-layer drivers USER & WAKE-UP Button
int KeyState=0;
31.24 10 operation functions P7TTTTTTTTEN oo e
* * ] 40
/* USER CODE END PV */ This section contains the following APls: : e
+  HAL_GPIO_ReadPin() 1 : ;ﬁw A
. HAL_GPIO_WritePin() : LEDd o LRl 15— H 2
e ninite Toon +  HAL_GPIO_TogglePin() I :““ s
ntinite loop . HAL Pl LockPi 1 Red /i_"
/* USER CODE BEGIN WHILE */ —GPIO_LockPin() IR 7 s S :“31 >
while (1) +  HAL_GPIO_EXTI_IRQHandler() I T
{ «  HAL_GPIO_EXTI_Callback() [ b, B A
\\ LEDE  [ppE LIS ':ﬁ 1 '* b A
Hi .
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12); Semm——————’ =

HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_13);
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_14);

KeyState = HAL_GPIO ReadPin(GPIOA, GPIO_PIN_ 0);
HAL_GPIO_WritePin(GPIOD, GPIO_PIN_ 15, KeyState);
snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d\r\n",Counter++,KeyState);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(10090);

}
/* USER CODE END 3 */

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32 USB Key LED
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