Vhodno izhodne naprave

Laboratorijskavaja4 - VP 3
STM32-CubelDE projekt, VComPort,
GPIO (LED, tipka)
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VIN projekt - VP3: STM32-CubelDE projekt,
VComPort, GPIO (LED, tipka)

m STM32F4 Discovery board in ostale platforme

m STM32 CubelDE

m Osnovni projekt CubelDE in CubeMX
1 CubeMX
0 USB VComPort
1 GPIO — nivoji programiranja
1 GPIO —tipka, LED diode
1 GPIO — PWM, LED diode
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VIN Projekt — Osnovna platforma
STM Discovery F4 (Cortex M4) STM32F407 ST Di scovery

*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 I/Os
for quick connection to prototyping board and easy

probing

*External application power supply: 3V and 5V
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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 ST M 3 2

capability

*USB ST-LINK functions: virtual COM port, mass storage, debug

port

*4" capacitive touch LCD display with MIPI® DSI connector (on

STM32F7691-DISCO only)

aws g

i
NGy

*SAl audio codec
*Two audio line jacks, one for input and one for output ® . Gt | IE: pp—
*Stereo speaker outputs e SR . MBED
*Four ST MEMS microphones on DFSDM inputs 2 . 2 B » Enabled
*Two SPDIF RCA input and output connectors : 7 |5 :
*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

*Arduino™Uno V3 connectors
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" J
ST Discovery STM32MP157C

STM Discovery MP1 (2xCortex A7 + 1xCortex M4)
*STM32MP157 Arm®-based dual Cortex®-A7 32 bits +
Cortex®-M4 32 bits MPU in TFBGA361 package
*4-Gbit DDR3L, 16 bits, 533 MHz STM3 2MP ].
*1-Gbps Ethernet (RGMII) compliant with IEEE-802.3ab
*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-AUS
Type-CTM DRPMIPI DSISMHDMI®Stereo headset jack
including analog microphone inputmicroSDTM cardGPIO
expansion connector (Raspberry Pi® shields capability)
*ARDUINO® Uno V3 expansion connectors
*STM32CubeMP1 and full mainline open-source Linux® STM32
MPU OpenSTLinux Distribution (such as STM32MP1Starter)
software and examples

*4" TFT 480 % 800 pixels with LED backlight, MIPI

DSISM interface, and capacitive touch panel

*Wi-Fi® 802.11b/g/n

*Bluetooth® Low Energy 4.1
VIN LV 6 © Rozman,Skraba, FRI
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ARM Cortex M — ISA
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Figure 3: Instruction Set support in the Cortex-M processors
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ARM Cortex M — Programski model

o= Emm o

{ General registers\

—

Cad

|

R13 (MSP)
R13 (PSP)

R14
R15

Name
¥PSR

PRIMASK
FAULTMASK
BASEPRI
CONTROL

\

\

Available on the Cortex-M4 with

FPU only
f/ Floating Point Unit —\1

=1 =0 oo

Sa 52 o

5 §4 o2

T 56 D3
S0 S8 D4

| SE 510 o5
513 512 D6

5 4 o7
'ﬂ rﬂ
519 518 DG
521 520 510
S23 S22 D11

[ S25 ][ 524 | o2

6 D13

S29 528 D14
531 530 b5
[ FPSCR ] Floating Point Status

\ and Control Register _/

Main Stack Pointer (MSP),

Process Stack Pointer (PSP)

Link Register (LR}
Program Counter (PC)

Functions

. T
Program Status Registers

Interrupt Mask
Registers

Control Register

S Special
Reqisters
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elo ha STM32F4 razvojnem sistemu

Lastni viri :

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

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

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

VIN - LV 11 © Rozman,Skraba, FRI


https://github.com/LAPSyLAB/STM32F4_Docs_and_Examples
https://github.com/LAPSyLAB/ORLab-STM32
https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects
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VIN projekt - VP3: STM32-CubelDE projekt,
VComPort, GPIO (LED, tipka)

m STM32F4 Discovery board in ostale platforme

[ m STM32 CubelDE }

m Osnovni projekt CubelDE in CubeMX
1 CubeMX
0 USB VComPort
1 GPIO — nivoji programiranja
1 GPIO —tipka, LED diode
1 GPIO — PWM, LED diode

VIN - LV 12 © Rozman ,Skraba, FRI




elo ha STM32F4 razvojnem sistemu

Prikljuditev :
* Mini USB

priklop na kra

STM32 CubelDE

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

Si stranici, svetita rdeci LED diodi

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

R4 SvAvhnddvEvEvErovOovArids v HRN Iy HvOIGvL (@

i Project Explorer * A

@ OR ~
©RA
v &VIN
v @ STM32F4_Discovery_Projects (in STM3274 D
& Audio_playback_and_record
& Buzzer PWM_Demo
I Initial Breadboard VIN
& LED_Blink_Demo
[ LED _Blink_Demo_QEMU
~ [ LED_PWM _Demo
& Includes
v @ Core
& Inc
v @S
14 main.c
@ stm32f4xx_hal_msp.c
& stm32f4xx_it.c
@ syscalls.c
4 sysmem.c
@ system _stm32fdxcc
& Startup
& Drivers
@ Middlewares
i USB_DEVICE
@ Debug
Berime.txt
& LED_PWM_Demo.ioc
LED_PWM_Demo Debug.launch
W STM32FA07VGTX_FLASH.Id
i STM32FA07VGTX RAMIA

Berimett  WILED_GPIO_C Baremetal Cioc (@ mainc @ mainc (@ stm32f4xc hal gpio.c 1 stm32f4oc hal gpioh & main.

97  MX_GPIO_Init();

98  MX_SPI1_Init();

99 MX_USB_DEVICE_Init();
100 MX_TIM4_Init();
101  /* USER CODE BEGIN 2 *

103 HAL_TIM_PWM_Start(&htimd, TIM_CHANNEL_1);
104 HAL_TIM_PWM_Start(&htim4, TIM_CHANNEL_2);
185  HAL_TIM_PWM_Start(&htimd, TIM_CHANNEL_3);
166 HAL_TIM_PWM_Start(&htim4, TIM_CHANNEL_4);

107

108 /* USER CODE END 2 */
109

IBCE /* Infinite loop

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

113 [
114 htim4.Instance->CCR1 = duty;

115 htim4.Instance->CCR2 = 10@-duty;

116 htim4. Instance->CCR3

117 htimd.Instance->CCR4 = 100-duty;

118

119 /* USER CODE END WHILE */

120

121 /* USER CODE BEGIN 3 */

122 snprintf (SendBuffer,BUFSIZE,"USB:0.1 secs. Duty=X%dX¥%\r\n",duty);
123 CDC_Transmit_FS(SendBuffer, strlen(SendBuffer));

124

125 duty = (duty + 1) ;

126 if (duty > 100 )

127 duty = ©;

128

129

130 HAL_Delay(16@);

131

USER CODE END 3 */

v [ STM32_USB _Key_LED
# Includes.
v @ Core
= Inc
v &5rc
@ gpio.c
@i2ce
4 i2s.c
@ main.c
@ spic
@ stm32f4xc_hal_msp.c
4 stm32fdxc itc
4 syscalls.c
18 sysmem.c
@ system _stm32fdxcc
& Startup
& Drivers
@ Middlewares
A 1168 NEVICE

* @brief System Clock Configuration
* @retval None

12 Problems  Tasks © Console [ Properties
<terminated> LED_GPIO_C Baremetal C Debug [STM32 Cortex-M C/C++ Application] ST-LINK (ST-LINK GDB server) (Terrr

Verifying ...
Region
Download verified successfully

Shutting down. ..
Exit.

(-] Writable

axXRk| ApFPEE MO vy =0 w» Build Analyzer

Memory Regions Memory Details

©

134:1(535)

Outline = @ Build Targets
u mainh

o ush_deviceh

* hspit

© htimd T

# BUFSIZE

« SendBuffer

+ SystemClock_Config(void)
' MX_GPIO_Init{void)
MX_SPI1_nit{void) : void
MX_TIM4_Init{void)

« mainivoid) : int

® SystemClock_Config{void) : v
* MX_SPI1_Init{void)
¥ MX_TIM4_nit(void)
IX_GPIO_Init(void) :
« Eror_Handler(void) : voi

Used Usage (%)
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https://www.st.com/en/development-tools/stm32cubeide.html

Delo na STM32F4 razvojnem sistemu

Vzpostavitev zaCetneqga projekta :

Uvoz obstojeCeqga

* Open projects from File System

« Select project(s)

Nov projekt Cube MX ->
(v nadaljevanju)

Prevajanje, zagon :

Project -> Build Project

Run -> Debug

Step (Into,Over), Breakpoints

E CubelDEWorkspace - LED_Blink_Demo/Core/Src/main.c - STM32CubelDE
File Edit Source Ref-wrﬂhﬂah Saar gam roject Run Window Help

‘o

Y 3 S

[ =

74 %/

~ o Thread #1 [main] 1 [core: 0] (Suspended

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

76 {

8 .
HAL_Init();
- -

[& main.c

75=int main(void)

| &S ~ign | B> iy O Y Qi®d

¥ Debug ® 5 Project QMEF! - —d Berime.txt
~ [ LED_Blink_Demo Debug [STM32 Cortex-M C/C
~ & LED_Blink_Demo.elf [cores: 0]

stm3

73~ @retval int

77 /* USER CODE BEGIN
79 /* USER CODE END 1
81 /* MCU Configuratio

|511 per

86 /* USER CODE BEGIN

m Import Projects from File System or Archive

m CubelDEWorkspace - STM32CubelDE

File Edit Source Refactor Navigate Search Project Run \
New Alt+ShiftsN > | %
Open File... 5

. Open Projects from File System...

I,} Recent Files >

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.
)
!
|
)

Import source: ‘ D:\OneDrive - Univerza v Ljubljani\Delovni\Workspaces\CubelDE\STM32F4_Discovery VIN ~ ‘ Directory...
[ ‘ type filter text |
Folder Import as [

STM32F4_Discovery VIN_Projects

O

STM32F4_Discovery VIN_Projects\Audio_playback_and_r Eclipse project

Eclipse project

<

" [ Close newly imported projects upon completion

Use installed project configurators to:
Search for nested projects

E Detect and configure project natures

m CubelDEWorkspace - STM32CubelDE

File Edit Source Refactor Navigate Search Project Run Window Help

D H@I®-&-BIGIE &8 OpenProject
& Project Explorer 2 Close Project
v B FRI (& Build All Ctrl+B
Build Configurations >
= RA ; .
v BVIN Build Project
~ & STM32F4_Discovery_Projects (in STh z‘"d Wiy 3] ?
lean...

» & Audio_playback and_record
» [ Buzzer PWM_Demo

> [@ Initial_Breadboard_VIN

» [ LED_Blink_Demo

PR DEal P ATRAL

[ Cubel ace - STM32Cubel DE
File Edit Source Refa vigate Search
=] 2 | ®vy Qv @inid
& Project Explorer
~ B FRI

> =0R

= RA
v =VIN

v & STM32F4_Discovery_Projects (in STM32F4_Di "

» = Audio_playback_and_record
> [ Buzzer PWM_Demo

» [ Initial_Breadboard_VIN

> [ LED_Blink_Demo

Build Automatically
Build Targets >
C/C++ Index >

Project Run Window Help

Y & @ Run
4 Debug

Run History
© RunAs
Run Configurations...
Debug History
Debug As
Debug Configurations...
Breakpoint Types
Toggle Breakpoint

Avrchive...

Select All

Deselect All

2 of 8 selected

[] Hide already open projects

88 /* USER CODE END In

=] /* Configure the sy
- — - —

Toggle Breakpoint
- e s mm o)

'_:: ~

14
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VIN projekt - VP3: STM32-CubelDE projekt,
VComPort, GPIO (LED, tipka)

m STM32F4 Discovery board in ostale platforme

m STM32 CubelDE

{ m Osnovni projekt CubelDE in CubeMX }
1 CubeMX
0 USB VComPort
1 GPIO — nivoji programiranja
1 GPIO —tipka, LED diode
1 GPIO — PWM, LED diode
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Osnovni projekt CubelDE — CubeMX

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

‘ New Alt+Shift+N > ﬁ Makefile Project with Existing Code
---------------C/C++P ot
OpenFlle ue ---------------1

STM32 PrOJect

L. Open Projects from File System...
STM32. PrOJect from an E)(lstlng g STM32Cubelx Conflguratlon File ( |oc)

Recent Files
9 Project...
a Edit Ctrl+wW _
ose kdl 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 [ File from Template
@ d
Move... ass
9 Other... Ct
Rename... F2
L= Y VoLl LUULD DCUOLIN TV Vi
&1 Refresh F5 15 #define BUFSIZE 256
m STM32 PI’OJECt MCU/MPU Selector [NBOaRSBISSIOR Example Selector = Cross Selector
Board Filters-
Target Selection * BB O Fea..  LargePi Docs & Reso. [ pata

STM32F4 Series
Commercial

& STM32 target or STM32Cube example selection is required = *
’ P a :::wbay ST e : STMicroelectronics STM32|
Bl Eyiir{cEslS{oall Discovery Kit Board Suppo

Examples

Vendor

MCU/MPU Selectcr [SBoard Selector ’ pibiirnef thapke )
Al (RSTVE] pctve  Commarcalpen

Product is in mass production Number : Mounted Device

k/Uncheck All STM32F407G-DISC1 ~ STM32F407VGT

Board Filters [ Discovery Kit : N

| @ E STM32F4DISCOVERY Discovei

kit leverages the capabilities of
the STM32F407 high-performanc
microcontrollers, to allow users t
develop audio applications easil:
It includes an ST-LINKIV2-A
‘embedded debug tool, one
ST-MEMS digital accelerometer,

onia dinttal saintnbane. aue suds

Commer(rh---------\
Part STM32F407 A I
Number I STM32F407G-DISCA I MCU/MPU Series maﬁf ‘
¥ % ¥ & & % & & 8 4 Check/Uncheck Al
STM32F407G...DL... Active  19.89 I
Vendor > | |

1 L . & & ¥ R
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Osnovni projekt CubelDE — CubeMX

Konfiguracija : prikljucki, kn

STM32Cube MCU packages and embedded software packs

O Add necessary

Generated files

Copy enly the necessary library files

library files as reference in the toolchain project configuration file

[ 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 generated files 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 E

Input frequency

f
|
|

I Input frequency

\2-2- -

Input frequency

RTC Clock Mux

HSE, - HSE_RTC O

v .

jiznice

Project Sattings.

Preject Name

LED_GPIO_C_Barematal C |

Project Location
[D:\Deiouni CubeIDEY
Application Structure

|Advanced

CubelDEWorkspace ]

[ Da not generate the main()

Toskhain Folder Lacation

Linker Sattings
Minimum Heap Size

Minimum Stack Size

Theaad-safe Ssttings
Conex-MaNS

(1 Enable munthrasdad support

Thread-safe Locking Strategy

trate ending on RTOS selection

Meu and Firmware Package

Mcu Reference
STM3ZF407VETx

-

e e
LSIRC J—’ ®
- ~ To IWDG (KHz)

32 KHz

HSI RC System

16 MHz

Clock Mux

TapRgE——
SYSCLK (MHz)

ware Package Name and Version

[ Use lstest avalsble version

AHB Prescaler HCLK (MHz) APB1 Prescaler

PLLCLH
PLL Source Mux O]
HSI
@]
18 v #{x336 v 12
® M N P
LR 8 N N N N | - m
MainPLL ;g
pues N !

MCO2 source Mux

/:| _SYSCLK

PLLIZSCLK PLLIZSCLK
X192 V|—| 12 > @
R

168

APB2 Prescaler

12S source Mux

Ext.clock

CS_I2CISPI [LIS302DL_CS_I2C/SPI]

OTG_FS_PowerSwitchon

PDW_OUT [MP45DT02_DOUT]

B1 [Blue PushButton]

1

168

PC14-0SC32_IN
PC15-0SC32_0UT

PHO-0SC_IN
PH1-0SC_OUT

[LIS302DL_INT2]

]
=
o
=
o]
=

[c543L22_SDA]

Audio_SDA

[cS43L22_SCL]

Audio_SCL

[CS43L22_RESET]
[CS43L22_SDIN]
[CS43L22_SCLK]

OTG_FS_Overcurrent

swo
Audio_RST
1253_5D
1253_SCK

STM32F407VGTx

LQFP100

memeory and DMA (MHz)

To Cortex System timer (MHz)

FCLK Cortex clock (MHz)

APB1 peripheral clocks (MHz)

APB1 Timer clocks (MHz)

APB2 peripheral clocks (MHz)

APB2 timer clocks (MHz)

48MHz clocks (MHz)

125 clocks (MHz)

I o
p e
£ o538 g = <
5g 88 5 5]
Egmm o U\
\04‘ @ o
§%88 £
2423 8
28z 8 2
3829 g
gz 24 H

2 g 8
g2¢2 ¢ ]
P 5
2322 s

=A% 3

g

s

@ il

%

VIN - LV

17

© Rozman,Skraba, FRI

SWDIO
OTG_Fs_DP
OTG_F5_DM
0TG_Fs_D
VBUS_FS§

1283_MCK [CS43L22_WCLK]
LR 4

LD6 [Blue Led]

LD5 [Red Led]

LD3 [Orange Led] I

LD4 [Green Led]
LN



Osnovni projekt CubelDE — USB Virtual COM Port

Konfiguracija : USB Device,CDC Class = Virtual COM Port

[ Berime.txt  [H*LED_GPIO_C_Baremetal C.ioc 2

E Berimeixt  [*LED GPIO_C Baremetal C.ioc % Pinout & Configuration Clock Configuratid

Pinout & Configuration Clock Configurati ~ Software Packs

N Software Packs Cl @ USB_DEVICE Mcde and Configuration

Categories | A->Z . Mode |
Q @ USB_OTG_FS Mede and Configuration e !

Class For HS IP|Disable |

Categories | A->Z - Mode Comectivity Class For FS IP [Disabie -
| S L N N N N N N N 8§ § § &N N | -
Mode [Device_Only ~ ¢ Disable
System Core be CAN1 Audic Device Class
------------' rl----------
ﬁ Activate_SOF CAN2 Communication Device Class (Virtual Port Com)
Analog > ) @ ETH S TP S P P O P A
Activate_VBUS Fsmc Human Interface Device Class (HID)
) v [2C1 Custom Human Interface Device Class (HID)
Timers * @ 12c2 Mass Storage Class
12C3
NN I . . @ sDIO
rConnectMty J ~ + SPI1
———— SPI2
CAN1 @ UART4
CAN2 - @ UARTS
& @ USART1
ETH USART2
FSMC USART3
W |2C1 USARTS
+ USB_OTG_FS
@12 UsE_0Te_HS
@ sDIO
v SPI Multimedia »
SPI2
Security b
@ UART4
@ UARTS Configuration Computing :
@ USART1 " —— -
USART2 Reset Configuration — s o
HSARTS & NVIC Setti @ GPIO Setti :
€tlings ettings FATFS
Pl ] G o 1 = * FREERTOS
@ Parameter Settings @ User Constants
I &) USB_OTG_FS | 9 LIBJPEG
L 8 B B N B _§ |
MBEDTLS
L2 ¥ B I
([ e oeves |
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Osnovni projekt CubelDE — USB Virtual COM Port

I CubelDEWorkspace - STM32_USB_Key LED/Core/Src/main.c - STM32CubelDE
e Edit Source Refactor Navigate Search Project Run Window Help

g [ B v R v m aidig e~ Open Project
Project Explorer & Close Project
Program : za posiljanje po USB Virtual COM Port o & Buid Al s
oA B LS QG e e s s
% Dot epa . Build Project _M
/* Private variables & VIN o gy e -g

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

» [ Initial_Breadboard_VIN Build Targets
char SendBuffer[BUFSIZE]; » [ LED Blink Demo CCes Indes
int Counter; i Eig—ﬁ"w”:f;emnffw” I Generate Report
/* USER CODE END PV */ . ESTI‘V"Ii32_UsiB_I(ey_LED & Generate Code

> & Incdudes Properties
v & Core a7 ||
/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
{
snprintf(SendBuffer,BUFSIZE,"Hello World [%d]\r\n",Counter++);
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer)); i

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL Delay(1000);

}
/* USER CODE END 3 */

~ 12 5TM32F4_Discovery_Projects (in S5Th
» = Audio_playback_and_record
> [ Buzzer PWM_Demo

Clean...

Build Automatically

m CubelDEWorkspace - STM32_USB_Key_LED/Core/Sﬁ/niiu e bl DE L -
File Edit Source Refactor Navigate Search Proj Run Window Help

if v e8> & v @ivnidig~ya~(@ & 2 Run |
F i P i Debu
& Project Explorer ‘_ s i — e — _k
v 2RI Run History
» = O0R O RunAs
e 1 Puaran I,
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Osnovni projekt CubelDE — USB Virtual COM Port

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

A Upravitelj naprav
Datoteka Deanje Pogled Pomod

.C':l-l' U ' l',f !,x 'y
b B C
@ USB Composite Device
@ USB Mass Storage Device
¢ USB Root Hub

@ USBRoot Hub

§ USB Root Hub (USB 3.0)

& Krmulnika za zvok, video in igre

W Mike in druge kazalne naprave

l Naprave s programsko opremo

, Naprave : univerzalnim serzkim vodilom

BF Omreine kartice

== Pogoni DVD/CD-ROM

B Prencsne naprave

[ Procesosji

[ Racunalnik

g3 Sistemiske naprave

=3 Tipkovnice

#8 Vnosne naprave (HID

v @ Vrata (COM in LPT
W Communications Port (COMT)
W Intel(R) Active Management Technology - SOL (COM3)
W Pninter Port (LPT)
JJ%(HIQVWCH'TM}:‘*’MWE COM Port (COM14)

W USB Senal Device (COM15)
() T,

§ 2Zvoinivhodi in chodi
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Osnovni projekt CubelDE — GPIO — nivoji programiranja

Baremetal - zbirnik

INIT IO:
push {r5, re6, 1lr}

// Enable GPIOD Peripheral Clock (bit

/ Load peripheral clock reg address to ré

ldr r6, = RCC_AHBIENR

3 in AHBLENR register)

1dr r5, [ré] // Read its content to r5

orr r5, 0x00000008 // Set bit 3

str r5, [ré] // Store

to enable GPIOD clock
result in peripheral clock register

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

ldr r6, =GPIOD BASE

1dr r5, [r6,4GPIOD MODER]

and r5, Ox00FFFFFF // Clear
orr r5, 0x55000000 // Write
str r5, [ré] // Store

pop {r5, ré, pc}

LED_ON:

push {r5, ré, 1lr}

// Set GPIOD Pins to 1 (through BSSR
ldr ré, =GPIOD BASE // Load
mov r5, #LEDs_ON

str r5, [r6,#GPIOD BSSR] // Write
pop {r5, ré, pc}

LED OFF:

push {r5, ré, 1lr}

// set GPIOD Pins to 0
ldr ré, =GPIOD_BASE
mov r5, #LEDs_OFF
str r5, [r6,#GPIOD _BSSR] // Write
pop {r5, ré, pc}

(through BSSR
// Load

// Load GPIOD BASE address to ré
// Read GPIOD MODER content to r5

bits 31-24 for P12-15
0L to bits 31-24 for Pl2-15
result in GPIOD MODER register

register)
GPIOD BASE address to ré6

to BSRR register

register)
GPIOD BASE address to ré

to BSRR register

https://qgithub.com/LAPSYLAB/ORLab-

STM32/tree/main/GPIO LEDs

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

Baremetal - C HAL - C

/* USER CODE BEGIN 2 */ /* Infinite loop */

/* USER CODE BEGIN WHILE */

while (1)
RCC->AHB1ENR |= 0x08; {
// Enable clock for GPIOD
GPIOD->MODER |= 0x01000000; // HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);

MODE Register: bit 12 == out
/* USER CODE END WHILE */
/* USER CODE END 2 */
/* USER CODE BEGIN 3 */

/* Infinite loop */ HAL_Delay(1000);

/* USER CODE BEGIN WHILE */ ¥
while (1) /* USER CODE END 3 */
{

GPIOD->0DR "= 0x1000; //

Toggle PD12

void HAL_GPIO_TogglePin(GPIO_TypeDef* GPIOX,
uint16_t GPIO_Pin)

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

waste some time
//} /* Check the parameters */

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

/* USER CODE END WHILE */

uint32_t odr;

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

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

VIN - LV
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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_Blink_Demo

Fri

GPIO Krmilnik
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Delo na STM32F4 razvojnem sistemu

Baremetal pristop : zbirnik

Poseben zacetni projekt za STM32F4 (e-udilnica) :

» dodajanje vsebine (template.s):

‘template.s - 5STM32CubelDE
avigate Search Project Run  Window Help

N N A R A A R I
7 B = 8 [§ templates 2

AR R R R RN RN NP PP PP PP P P F rr rr r P rrrr rr i rr i rrrrr kv rvrey

4
5 _start:

ldr r&, = RCC_AHBLENR
ldr r5, [r6]

orr r5, #@xeeaeao03
str r5, [r6]

ldr r&, = GPIOD_MODER
ldr r5, [r6]

bic r5, #8x32028020
orr r5, #axeleaaaas
str r5, [r6]

ldr r&, = GPIOD_ODR
ldr r5, [r6]

orr r5, #exleas

str r5, [r6]

ldr r&, = GPIOD_ODR
ldr r5, [r6]

bic r5, #@x1688

str r5, [r6]

=R I P, R ST SO SR VI R s IV I N WY R S = R

51 loop:

g2 nop

83 b loop
84

// Enable GPIOD Peripheral Clock (bit 3 in AHBIENR register)

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

// Set bit 3 to enable GPIOD clock

// Store result in peripheral clock register

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

// Load GPIOD MODER register address to ré
// Read its content to rS

// Clear bits 24, 25 for P12

S/ Write @1 to bits 24, 25 for P12

// store result in GPIOD MODER register

// Set GPIOD Pinl2 to 1 (bit 12 in ODR register)

// Load GPIOD output data register

// Read its content to rS

// write 1 to pin 12

// Store result in GPIOD output data register

// Set GPIOD Pinl2 to @ (bit 12 in ODR register)

// Load GPIOD output data register

// Read its content to rS

// write @ to pin 12

// Store result in GPIOD output data register

// No cperation. Do nothing.
// Jump to loop

)| STM32 CubelDE

@ TORLab-STM32 - GitHub repozitorij

,. User Manual Discovery kit stm32f407vg Uploaded 8/11/21, 12.58

’. DataSheet_stm32f407vg uploaded 8/11/21, 12.56

ﬁ Reference Manual rm0090-stm32f407417 Uploaded 8/11/21, 1257
(! Programming_Manual_pm0214-stm32-cortexm4-mcus-and-mpu

’. Arm Cortex-M4 Processor Datasheet Short Uploaded 26710721, 15.00

————————— Cortex-M arhitektura, zbimik —--——---—

l. ARM Cortex-M for Beginners ARM 2017 Uploaded 28/10/21, 14.50
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rri

Vir: RM0090 Reference manual

r— RM0090

d Reference m:amu:alclj

life.augmente 7 i
’ISTM32F4051’41 5, STM32F407/417, STM32F427/43

® d 32-bit MCUs
Arm~-base
STM32F429/439 advanced
... 267
________________ 267
p|0) ____________________ 267
urpose “05 {G ____________________
Genefa|'p O 267
et <o esecsseee e 9
8.1 GP O T 2
5 . o s reeeee e
8.2 GPIO main fea O apI0) vereeees s 270
4 GPIO functional de oo VO (P 214
8.3 neral-purp g 4
831 iz pin multiplexer OO S Z A
Q7 e 37
B~3*§ 10 port control 120G General-purpose /05 (GPIO)
B8.3. gg\'&
data r
1O port
a4 twise h
BB 35 1/O data bitwise This section applies to the whole STM32F 4xx family, unless otherwise specified,
-2 king me
GPIO loc
6
52 1/O alternate fun . .
8.3.7 8.1 GPIO Introduction
Each general-purpose |10 port has four 32-pjt configuration registers {GPIOx_MDDER,
GPle_OTYPER. GP'ON_DSPEEDR and GF‘IOJ{_PUF‘DR}, two 32-bit data registers
(GPIOX_IDR ang GPIOXx_ODR), 4 32-bit
register (GPIOX_LC

Sellreset register (GPIO:-:_BSRR), a 32-hit locking
KR) and two 32-bit alternate function selection register (GpP|
and GPIOx_AFRL}.

Ox_AFRH
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GPIO krmilnik — /izhod

Figure 25. Basic structure of a five-volt tolerant I/0O port bit

P = .
To on-chip Analog |
peripheral
Alternate function input
‘_ P —Ii
' I on/off
ER
4]
< Read -g | \J (1
| I
[ i
&2 [ 3 : | TTL Schmitt ; Protection
5] r . i | trigger on/off; y diode
2 =1
=3 c '
@ 1 i = Input driver i
Write = < 1 R 1/O pin
— ¥ 3 : 3 [M==) o ST
g | 8 1 [ ' Output driver Voo onlo .
3 1| s 1 il ﬁ} Izjr_otdectlon
| M3 1 [ p-mos ode
I ‘g 1 ; Output
. isn control
Read/write e} 1 N
, : . — N-mos
1
Fro_m on-chip =) . 1 Vss Push-pull,
peripheral Alternate function outpu open-drain or
' \I_\—.——.——.——.——.——.——.——.ﬁsil.)l—ed—.——!_l}\nalog
ai15939b

Osnovni registri za GPIO prikljucke :
RCC_AHBXENR : vklop urinega signala (enote) : Port D: RCC_AHB1ENR(b5;=1 .. Port D Enable)
MODER (Mode Register): 00: Input (reset) / 01: General purpose output mode
OTYPER (Output TYPE Register): 0: Output push-pull (reset) / 1: Output open-drain
OSPEEDR (Output SPEED Register): 00 — Low speed (reset) .. 11: Very high speed
PUPDR (Pull Up/Down Register): 00 — No pull (reset) .. 01: Pull-Up .. 10: Pull-Down
IDR (Input Data Register): stanje vhoda 1/0
ODR (Output Data Register): stanjeizhoda 1/0

rri OR - Organizacija racunalnikov 25
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Fri

GPIO krmilnik — 1izhod (Registri za nastavitve delovanja)

RCC_AHBI1ENR(Peripheral Clock Register): Bt e I b e e

This bit is set and cleared by software.
0: 10 port D clock disabled
1: 10 port D clock enabled

MODER (I\/l ode Regi ster) : Bits 2y:2y+1 MODERy[1:0]: Port x configuration bits (y = 0..15)
These bits are written by software to configure the 1/O direction mode.
00: Input (reset state)
01: General purpose output mode
10: Alternate function mode
11: Analog mode

OTYPER (Output TYPE Register):

Bits 15:0 OTy: Port x configuration bits (y = 0..15)
These bits are written by software to configure the output type of the I/O port.
0: Output push-pull (reset state)
1: Output open-drain

OSPEEDR (Outp ut SPEED Reg ister): Bits 2y:2y+1 OSPEEDRy[1:0]: Port x configuration bits (y = 0..15)

These bits are written by software to configure the I/O output speed.
00: Low speed

01: Medium speed

10: High speed

11: Very high speed

PUPDR (PUII Up/DOWﬂ Reg|ster) Bits 2y:2y+1 PUPDRy[1:0]: Port x configuration bits (y = 0..15)

These bits are written by software to configure the I/O pull-up or pull-down
00: No pull-up, pull-down

01: Pull-up

10: Pull-down

11: Reserved

IDR (Input Data Register): stanje vhoda 1/ 0

Bits 15:0 IDRy: Port input data (y = 0..15)

These bits are read-only and can be accessed in word mode only. They contain the input
value of the corresponding 1/O port.

ODR (Output Data Register): stanjeizhoda 1/0

Bits 15:0 ODRYy: Port output data (y = 0..15)
These bits can be read and written by software.
Note: For atomic bit set/reset, the ODR bits can be individually set and reset by writing to the
GPIOx_BSRR register (x = A..I/J/K).

. _ \a
28 Bits 31:16 BRy: Port x reset bit y (y = 0..15) Bits 15:0 BSy: Port x set bit y (y= 0..15)

12

GPIOD
EN

rw

25 24

MODER12[1:0]

me W

12
o712

25 24

OSPEEDR12
[1:0]

M ‘ w

25 24

PUPDRAZ[1:0]

e | My

BR12 1: Resets the corresponding ODRx bit 1: Sets the corresponding ODRX bit

BS12

0: No action on the corresponding ODRx bit

12
IDR12

12
ODR12
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GPIO krmilnik — 1izhod (Registri za dolo&anje stanja izhodov)

2 moznosti za dolo¢anje stanja izhodov:

1. Spreminjanje bitov v registru ODR

Read-Modify-Write operacija na registru ODR 0;12
ODR (Output Data Register): stanje izhoda 1/ 0 W

Bits 15:0 ODRYy: Port output data (y = 0..15)
These bits can be read and written by software.

Note: For atomic bit set/reset, the ODR bits can be individually set and reset by writing to the
GPIOx_BSRR register (x = A../J/K).

2. Spreminjanje bitov v registru ODR s pomocjo vpisa v register BSRR
Write operacija v register BSRR -> sprememba bitov v registru ODR
+ atomicna operacija
BSRR (Port Set/Reset Register): stanje izhoda 1/ 0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 BR9 BR8 BR7 BR6 BR5 BR4 BR3 BR2 BR1 BRO
w w w w w w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BS15 | BS14 | BS13 Bé\Q BS11 BS10 BS9 BS8 BS7 BS6 BSS BS4 BS3 BS2 BS1 BSO
w w w w \\ w w w w w w w w w w w w

28 Bits 31:16 BRy: Portxresetbity (y=0.15)  Bits 15:0 BSy: Port x set bity (y=0..15) 12
BR12 1: Resets the corresponding ODRx bit 1: Sets the corresponding ODRXx bit BS12
W W

0: No action on the corresponding ODRx bit

rri OR - Organizacija racunalnikov 27
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GPI1O krmilnik — krmiljenje izhodov

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. dolodi stanje izhoda s pisanjem v  ODR ali BSRR (nastavljamo na 1/0)

Naslovi registrov:
// RCC base address is 0x40023800
// AHBlENR register offset is 0x30
.equ RCC_AHBIENR, 0x40023830 // RCC AHB1l peripheral clock reg (page 180)

// GPIOD base address is 0x40020C00
// MODER register offset is 0x00
// ODR register offset is 0x14
// BSRR register offset is 0x18

.equ GPIOD_ MODER, 0x40020C00 // GPIOD port mode register (page 281)
.equ GPIOD_ ODR, 0x40020C14 // GPIOD output data register (page 283)
.equ GPIOD BSRR, 0x40020C18 // GPIOD port set/reset register (page 284)

rri OR - Organizacija racunalnikov 28
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CubelDE — SFR okno

Register Address Value
&% GpIOF
&% GpIOE
v B GPIOD N
(’am MODER Dx40020c00 Os 1000000
b 1i OTYPER D 4002004 OscD)
b §%4 OSPEEDR 4002008 OxcD)
L 1% PUPDR Dx40020c0c D)
L 1% DR 04002010 D 1dac
L 1 ODR 0x40020c14  Ox1000
SWBSRR _________ 0:d0020T8 _
100 | CKR 400201 ¢ OscD)
1010 AFRL 40020220 DD
1010 AFRH 4002024 OscD)
&% cp|nC
&% cpjn)
&% GpIOK
A% GDIOR
&4 GpI0A
A% cyorEG
A% cp|q
&% cp|a
&% cp|3

4

-
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Osnovni projekt CubelDE — GPIO - tipka, LED diode

WY
R3g

HAL - C

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

char SendBuffer[BUFSIZE];
int Counter;

int KeyState=0;

/* USER CODE END PV */

/* Infinite loop */

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

{

HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_13);
HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_14);

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

snprintf(SendBuffer,BUFSIZE,"Hello World [%d]:
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(16000);

}
/* USER CODE END 3 */

Key:%d\r\n",Counter++,KeyState);
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https://qithub.com/LAPSYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32 USB Key LED
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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/STM32_USB_Key_LED

o —————— LD

. '/ (e Ciroen ’;
LED4 gy, PDI2 VRO 1 2
— Lt
1
. . . Reset_State 1 1 hDﬁ
Osnovni projekt CubelDE — GPIO — PWM, LED diode ADe erTig T Y TR Vi
ADC3_EXTI1H| 1 SRR if-ir':-'
FSMC_D1 — I 'ﬁsj A
HAL - C ESMC DAY I Lens [Fom—toa Rl !
1 -~ BRI H
GPIO_Input 1 I LG
GPIO_Output I Flue e
GPIO_Analog LED% P s JRAZ 1 3
EVENTOUT \ [ FDIS 5 V) [
GPIO_EXTI15| N =2

PR1R

CubeMX :
1. New project -> STM32 Project -> Board -> 407DISC1
2. CubeMX: Spremeniti USB Host v USB Device :
Connectivity -> USB_OTG_FS -> Mode v Device Only

[Z| Berime.ixt m LED_PWM_Demo.ioc main.c

Pinout & Configuration Clock Configuration

Middleware -> DEVICE_USB in Class Virtual Com Port v Software Packs
Q & TIM4 Mode and Configuration :
Catagories | A-

3. Spremeniti pine PD12-PD15 (LED diode) v TIM4_CHO-3 | |
Slave Mode |Disable o

tim4 Vse kanale spremeniti na PWM Generation CHO-3 System Core > oS o |
ngger source 1sable W

: Channel1 |PYWM Generation CH1 ~[1

Ura Stevca = 1 MHz e : Channel2 :pWM Goneration CHi2 v: :

Prescaler (PSC - 16 bits value) Prescaler (PSC - 16 bits value) ADC3 ' Chrannels [Py Generation CH3 “| 1

must be between 0 and 65 535 = 84-1 =83 (clock 1Mhz) @ \,_Channel4 |PWM Generation CH4 ~ ,'
Perioda Stetja je 100 (duty cycle pa lahko 0-100) Combin s [Disabis

Counter Period (AutoReload Register - 16 bits value ) Cowqter fimers X - 00 Use ETR as Clearing Source

Period (AutoReload Register - 16 bits value ) = 100-1 = 99 RTC R st

TIMA [ One Pulse Mode

TIM2

Configuration

Reset Configuration

ettings

arameter Settings

Configure the below parameters :

afseacn i | @ @ o
NIP&M&__—————— l

Prescaler (PSC - 16 bits value) 84-1 |

- P

TimM14 NS LIPS e e s e s
Counter Period (AutoReload ... 100-1'

TEmaTteei Dision [CKD) ™18 hision

Connectivity > auto-reload preload Disable
~ Trigger Output (TRGO) Parameters
Multimedia > Master/Slave Mode (MSM bit) Disable (Trigger input effect not delayed)
Trinnar Fusnt Salartinn Raset (1163 hit frnm Tiky FGRI
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Osnovni projekt CubelDE — GPIO — PWM, LED diode

HAL - C

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

/* USER CODE END PV */
/* USER CODE BEGIN 2 */

HAL_TIM_PWM Start(&htim4, TIM_CHANNEL_1);
HAL_TIM_PWM Start(&htim4, TIM_CHANNEL_2);
HAL_TIM_PWM Start(&htim4, TIM_CHANNEL_3);
HAL_TIM_PWM Start(&htim4, TIM_CHANNEL_4);

/* USER CODE END 2 */

/* Infinite loop */
/* USER CODE BEGIN WHILE */

while (1)

{

htim4.Instance->CCR1 = duty;
htim4.Instance->CCR2 = 100-duty;
htim4.Instance->CCR3 = duty;
htim4.Instance->CCR4 = 100-duty;

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */

CubeMX :
1. New project -> STM32 Project -> Board -> 407DISC1
2. CubeMX: Spremeniti USB Host v USB Device :
Connectivity -> USB_OTG_FS -> Mode v Device Only
Middleware -> DEVICE_USB in Class Virtual Com Port

3. Spremeniti pine PD12-PD15 (LED diode) v TIM4_CHO0-3
tim4 Vse kanale spremeniti na PWM Generation CHO-3

4. Clock :
Ura Stevca = 1 MHz
Prescaler (PSC - 16 bits value) Prescaler (PSC - 16 bits value) must
be between 0 and 65 535 = 84-1 =83 (clock 1Mhz)
Perioda Stetja je 100 (duty cycle pa lahko 0-100)
Counter Period (AutoReload Register - 16 bits value ) Counter
Period (AutoReload Register - 16 bits value ) = 100-1 = 99

snprintf (SendBuffer,BUFSIZE,"USB:0.1 secs. Duty=%d%%\r\n",duty);

CDC_Transmit_FS(SendBuffer,strlen(SendBuffer));

duty = (duty + 1) ;
if (duty > 100 )
duty = 0;

HAL_Delay(1090);

}
/* USER CODE END 3 */

https://github.com/LAPSYyLAB/STM32F4 Discovery VIN Projects/tree/main/LED PWM_ Demo
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https://github.com/LAPSyLAB/STM32F4_Discovery_VIN_Projects/tree/main/LED_PWM_Demo

