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Fejlesztd kornyezetek valtozasa az utobbi

evekben

= Az elmult években rengeteget valtoztak fejleszt6
kdrnyezetek

" A traditcionalis firmware driver tamogatas egyre
kevésbé eleg

= A bonyolult és gépies hardware figgd

konfiguraciokat egyre tobb helyen grafikus
tamogatassal latjak el.
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Kivalthato részek

= A gépies konfiguraciok egyszerlibben és
atlathatobban megoldhatdék grafikus modon

LL USART InitTypeDef USART InitStruct;

USART InitStruct.BaudRate = 9668;

USART InitStruct.DataWidth = LL USART DATAWIDTH B8B;

USART InitStruct.HardwareFlowControl = LL USART HWCONTROL_ NONE;
USART _InitStruct.OverSampling = LL_USART_OVERSAMPLING 16;

USART _InitStruct.Parity = LL_USART_PARITY_ NONE;

USART InitStruct.S5topBits = LL_USART _STOPBITS 1;

USART InitStruct.TransferDirection = LL USART DIRECTION TX RX;
LL_USART Init (USART1, &USART InltEtFuct}J
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© BME-MIT 2024 Informacids Rendszerek
Tanszék



Kivalthato részek

= A gépies konfiguraciok egyszerlbben és
atlathatébban megoldhatdk grafikus mdédon

USART1 Mode and Configuration

Mode !ﬁ.s‘;nchrunnus W |

Hardware Flow Control (RS232) iDiaabIe ~ |

Configuration

Resst E‘aﬁﬁgueéﬁunt-

@ MN\VIC Settings @ DMA Settings

@ Parameter Settings

E_Cnnﬁgure the below parameters |

~ Basic Parameters
Baud Rate 115200 Bits/s
Ward Length 8 Bits {including Parity)
Parity Mone
Stop Bits 1

« Advanced Parameters
Diata Direction Receive and Transmit
Cwer Sampling 16 Samples
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STM Cube HAL, egy uj

generacios firmware library
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STM32 Cube HAL

= 2014-ben jelent meg a Firmware Library
levaltasara

= Két tamogatott demoboard készlet
o Nucleo sorozat
o Discovery sorozat

= Minden sorozathoz egyedi let6ltendd Cube
platform kilénbségekkel, de az alapok
ugyanazok

\ - Meéréstechnika és
L T SR BME-MIT 2024 Informacids Rendszerek 6
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STM32 Cube architektura

Evaluation boards Discovery boards Nucleo boards

Board Demonstrations

Middleware level examples

II,"
Networking

LwiP TCP/P
& Polar SSL

USB
Host & Device

Graphics
STemWin

File system
FATFS

RTOS
FreeRTOS

‘\‘

Drivers
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STM32 Cube architektura

Evaluation boards Discovery boards Nucleo boards

Board Demonstrations

Middleware level examples

Networking
LwiP TCP/IP
& Polar SSL

USE Graphics File system RTOS
Host & Device STemWin FATFS FreeRTOS
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STM32 Cube HAL (Hardware Abstraction Layer)

= Tobb szaz oldalas leiras pdf-ben (pl. Description of STM32F4xx
HAL drivers ~900 oldal)

= @Generic drivers: KOozos az 0sszes adott cube sorozatban Iévo
STM32 mikrovezérlore

= Extension drivers: Egyedi mikrovezérld, vagy sorozat fliggd
képességekhez tartozo tulajdonsag software-es kezelése

- Meéréstechnika és
© BME-MIT 2024 Informacios Rendszerek
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STM32 Cube HAL 3altalanos tulajdonsagok

Harom programozoi modell
o Polling

o Interrupt
o DMA

RTOS kompatibilis m(ikodés
o Reentrans (thread safe) fliggvények
o Szisztematikus timer kezelés
o Kobz6s erbforras védelem

Callback alapu mikodés
o Beépitett Callback felprogramozasi lehetfségek

Tobb periféria egyed kezelése ugyanazokkal az altalanos
fuggvényekkel

o Handler struktura alapu APl szerkezet

- Meéréstechnika és
© BME-MIT 2024 Informacios Rendszerek
Tanszék
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STM32 Cube HAL elnevezési szabalyok

= HAL driverekre (bels6 API file-ok konvencioi)

Név Leiras
Alap (Generic) driver API-k, amik az 6sszes
stm32f4xx_hal_ppp.c STM32 vezérl6re igazak példaul:

stm32f4xx_hal_adc.c

Alap (Generic) driver API-k, hoz tartozé
stm32f4xx_hal_ppp.h deffiniciok, strukturak amik az 6sszes STM32
vezérl6re igazak példaul: stm32f4xx_hal_adc.h

Kiegészité (Extension) driver API-k, amik
stm32f4xx_hal_ppp_ex.c egyedi STM32 vezérl6kre, sorozatokra igazak
példaul: stm32f4xx_hal _adc_ex.c

Kiegészité (Extension) driver API-khoz tartozo
deffiniciok, strukturak, amik egyedi STM32
vezérl6kre, sorozatokra igazak példaul:
stm32f4xx_hal_adc_ex.c

stm32f4xx_hal_ppp_ex.h

- Méréstechnika és
wﬁ“—: © BME-MIT 2024 Informacios Rendszerek 1 1 .
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STM32 Cube HAL elnevezési szabalyok

= HAL driverekre (bels6 API file-ok konvencioi)

Név Leiras

Alacsonyszint( API driverek amiket a
magasabb szint{ Generic, Extension API-k
hasznalnak. Nem direktben user hasznalatra
szantak!

Alacsonyszint( API driverek amiket a
magasabb szint(i Generic, Extension API-k
hasznalnak. Nem direktben user hasznalatra
szantak!

stm32f4xx_hal.c A HAL inicializacids részeit tartalmazza.
stm32f4xx_hal.h

stm32f4xx_Il_ppp.c

stm32f4xx_Il_ppp.h

MSP: Microcontroller Specific Package.
Felhasznaldi templare, ami a mikrovezérld
package (F1, F2, F3, F4 ...) fliggd inicializacidkat
tartalmazza: main figgvény, alap callback-ek

stm32f4xx_hal_msp_template.c

Template file a felhasznalt API-k
konfiguralasara

stm32f4xx_hal_def.h Altaldanos HAL definicidk

o AT s Mérestechnika és
T © BME-MIT 2024 Informacios Rendszerek 12.
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STM32 Cube HAL minimaélis user alkalamzas file-ai

Név Leiras

CMSIS: device.c. Tartalmazza a Systemlnit()
hivast. Nem tartalmazza az drajel
beadllitasokat. Kiilon HAL apikkal kell
megcsinalni, ha sziikséges.

system_stm32f4xx.c

CMSIS: startup_device. Taralmazza a reset
startup_stm32f4xx.s vektort és IT vektorok definicidjat. llletve sok

esetben a stack, heap alapmegadasokat.

Tartalmazza a main rutint, az MSP

stm32f4xx_hal_msp.c
—NE_msp inicializacidkat és az alap Callback-eket

stm32f4xx_hal_conf.h Tartalmazza a felhasznalt API-k konfiguralasat

Ez a file tartalmazza az egyes interrupt kezel6
fuggvényeket. Ebben a file-ban hivédik meg a
HAL_IncTick() fliggvény, ami a HAL alap 1ms-o0s

stm32f4xx_it.c/.h Orajelét adja a Systick IT segitségével. A
PPP_IRQHandler rutinoknak meg kell hivniuk a
HAL_PPP_IRQHandler() fliggvényeket ha IT
alapu API hasznalatot szeretnénk.

Main fliggvény. Tartalmaznia kell a HAL_Init()
fuggvény meghivasat, system clock beallitasat.

main.c/.h A szlikséges periféria inicializacidkat és user
kddot.

. Méréstechnika és
© BME-MIT 2024 Informacios Rendszerek 13.
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STM32 Cube HAL API elnevezési szabalyok

Generic Family specific Device specific
n :;I!;E stm32f4xx_hal ppp (c/h) stm32f4xx_hal ppp ex (c/h) sim32f4xx_ hal ppp ex (c/h)
Nodule HAL PPP_MODULE
name
——— HAL PPP_Function HAL PPPEx_Function HAL PPPEx_Function
HAL PPP FeatureFunction | HAL PPPEx FeatureFunction | HAL PPPEx FeatureFunction

RERCe MODE MODE MODE

Handle

e PPP _Handle Typedef NA NA

Init

i PPP_InitTypeDef NA PPP_InitTypeDef
name

Enum | HAL PPP StructnameTypeD NA NA

name ef

BME-MIT 2024

- Meéréstechnika és
Informacidos Rendszerek
Tanszék

14.



STM32 Cube HAL IT engedélyezés, specialis makrok

" Az adott perifériara, modulra kilon definialtak

o Peldak

Macros

ﬂaacﬁpﬁun

__HAL_PPP_ENABLE_IT(__HANDLE__, INTERRUPT_)

Enables a specific peripheral

interrupt
__HAL_PPP_DISABLE_IT(__ HANDLE_, _ INTERRUPT_) | Disables Eiﬁf;irﬁ peripheral
__HAL_PPP_GET IT(_HANDLE_, INTERRUPT _) Gets a specific peripheral interrupt

status

__HAL_PPP_CLEAR_IT(_ HANDLE_ , INTERRUPT )

Clears a specific peripheral
interrupt status

__HAL_PPP_GET_FLAG (__ HANDLE

p—

__FLAG_ )

Gets a specific peripheral flag
status

__HAL_PPP_CLEAR_FLAG (_HANDLE_, FLAG_)

Clears a specific peripheral flag
status

BME-MIT 2024
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STM32 Cube HAL IT handler és User Callbackek

= A HAL PPP_IRQHandler() fuggvényt meg kell hivni az

stm32f4xx_it.c-bdl

User Call back figgvények mindig weak-ként vannak |étrehozva,
tehat feltldefinialhatdak a felhasznaloi kodban

User Callback-ek

Callback functions Example

Ex: HAL_USART_Msplnit()

Called from HAL_PPP_Init() API function to perform peripheral
system level initialization (GPIOs, clock, DMA, interrupt)

HAL_PPP_Msplnit() / _Delnit()

Ex: HAL USART_ TxCpltCallback

HAL_PPP_ProcessCpltCallback | Called by peripheral or DMA interrupt handler when the process
completes

Ex: HAL_USART_ErrorCallback

Called by peripheral or DMA interrupt handler when an error
OCCUrs

HAL PPP_ErrorCallback

- Meéréstechnika és
© BME-MIT 2024 Informacids Rendszerek 1 6
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STM32 Cube HAL API-k 4ltaldnos szerkezete

Csoport Tipikus fliggvények Leiras
HAL_PPP_Init() Alap inicializacios és de-
Inicializacids fluiggvények inicializacios flggvényei a
HAL_PPP_Delnit() periféridnak

HAL_PPP_Read()
HAL_PPP_Write()

; A periféria adatatviteléhez
HAL_PPP_Transmit()

Periféria kimenet, bemenet kezel6

fuggvények kapcsolodo fliggvények
34 HAL_PPP_Receive() g el
HAL_PPP ...
‘1z g . HAL_PPP_Setl) A periféria konfiguracidjat
Vezérlo fiiggvények HAL_PPP_Get() 1w e 2
- = vezeérld fuggvények
HAL_PPP ...

HAL_PPP_GetState()
HAL_PPP_GetError()
HAL_PPP_...

Allapot és hibainformacio
lekérdezése

Allapot lekérdezé és hibakezel6
fuggvények

. Méréstechnika és
© BME-MIT 2024 Informacios Rendszerek 17.
Tanszék




STM32 Cube

HAL API-k szerkezete példa

Function s
Group Common APl Name Description
This function initializes the peripheral and
HAL_ADC_Init() configures the low -level resources (clocks,
Initialization GPIO, AF..)
group This function restores the peripheral default state,
HAL_ADC Delnit() frees the low-level resources and removes any
direct dependency with the hardware.
This function starts ADC conversions when the
HAL ADC. Start polling method is used
This function stops ADC conversions when the
RAL_ADC. Stop () polling method is used

This function allows waiting for the end of
conversions when the polling method is used. In
this case, a timout value is specified by the user
according to the application.
HAL_ADC._Start_IT() This function starts ADC conversions when the
= - - interrupt method is used

This function stops ADC conversions when the
HAL_ADL; Siop. (1Y interrupt method is used

10 operation HAL ADC PoliForConversion()
group

HAL ADC IRQHandler() This function handles ADC interrupt requests

Callback function called in the IT subroutine to
HAL ADC ConvCpltCallback() | indicate the end of the current process or when a
DMA transfer has completed

Callback function called in the IT subroutine if a
HAL ARG Srartaiackl) peripheral error or a DMA transfer error occurred

This function configures the selected ADC regular
HAL_ADC_ConfigChannel() channel, the corresponding rank in the sequencer
and the sample time

This function configures the analog waichdog for
HAL ADC_AnalogWDGConfig the selected ADC
This function allows getting in runtime the
State and e L peripheral and the data flow states.
Errors group

Control group

This fuction allows getting in runtime the error
HAL AR, Gaihirai) that occurred during IT routine

- Meéréstechnika és
BME-MIT 2024

Informacios Rendszerek 18
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STM32 Cube HAL Include file-ok szerkezete

= Elméletileg csak a Stm32f4xx_hal.h-ra van sziukségtink (Cube F4 sorozat)

Stma2fdux_hal_ppp.c

Stm32fdnx_hal.h Stm3Zfdux_hal_confh stm32fdux_hal_ppp.h  Stm32fdxx_hal_ppp_sx.h
--'-- I'l- .'- i —
> h ak i > h h
[ ] [ ] [ ] .-_
/ Stm32fdu_hal_defh

e

Stm32f4xx_hal_ppp.c h
L p—

stm32f405xm.h .I -
stm32f41l5xn.h =
stmB32f40700h
sm32fdiToch ®

stm32fd2Taoh —
stm32f43Tah ot —a LS -
- k=~ €

stm32fd29xx.h
stm32fa39xu.h o h -=—
stm32fd01nch & Root Part L)

e e e

Stm32fdxx.h

MNumber Define

- Meéréstechnika és
BME-MIT 2024 Informacids Rendszerek 1 9
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STM32 Cube HAL Ko6z6s eréforrasok, részek

= Astm32f4xx_hal_def.h tartalmazza a kdzds tipusokat definiciokat
o HAL Status: visszajelzs felsorolasos tipus szinte az 6sszes APl hasznalja

Typedef enum
{ HAL OK = 0Ox00, HAL ERROR = DOx01, HAL BUSY = 0Ox02, HAL TIMEOUT = Dx03
| HAL StatusTypeDef;

o HAL Locked: Az API altal hasznalt allapotjelz8, ami segitségével a
kdlcsonds kizaras megvalositott az APl-ban

typedef enum

| HAL UNLOCKED = 0x00, /*!<Resources unlocked */ HAL LOCKED = 0x01 /*!< Resources
locked */

| HAL LockTvpeDef;

o CMSIS Device.h-t is ez a file include-olja tovabb

o Kozos makrok: HAL_MAX_DELAY konstans

- Mérestechnika és
© BME-MIT 2024 Informacios Rendszerek 20.
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STM32 Cube HAL konfiguralas

A stm32f4xx_hal_conf.h tartalmazza az alap HAL beallitasi paramétereket

Configuration item Description Default Value

Defines the value of the external
oscillator (HSE) expressed in Hz.
HSE_VALUE The user must adjust this define 25 000 000 (Hz)

statement when using a different
crystal value.

HSE STARTUP TIMEOUT Timeout for HSE start up, 5000
- = expressed in ms
Defines the value of the intemal
Hal VALUE oscillator (HS1) expressed in Hz. 16 000 000 (Hz)

This value is used by the
125/SA1 HAL module to compute
EXTERNAL _CLOCK_VALUE the 125/SAl clock source 12288000 (Hz)
frequency, this source is inserted

directly through 125 _CKIN pad.

VDD_VALUE VDD value 3300 (mV)
USE_RTOS Enables the use of RTOS FALSE (for future use)
PREFETCH_ENABLE Enables prefetch feature TRUE

- Meéréstechnika és
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STM32 Cube HAL konfiguralas folytatas

= A stm32f4xx_hal_conf.h tartalmazza az alap HAL beallitasi paramétereket

Configuration item Description Default Value
INSTRUCTION_CACHE_ENABLE Enables instruction cache TRUE
DATA_CACHE_ENABLE Enables data cache TRUE

USE HAL_PPP_MODULE

Enables module to be used in
the HAL driver

MAC_ADDRXx

Ethernet peripheral
configuration : MAC address

ETH_RX_BUF_SIZE

Ethernet buffer size for receive

ETH_MAX_PACKET SIZE

ETH_TX_BUF_SIZE

Ethernet buffer size for trasmit

ETH_MAX_PACKET SIZE

The number of Rx buffers of

ETH RABUENG size ETH_RX_BUF_SIZE #
The number of Tx buffers of size
RTH_EXBUEND ETH _RX BUF_SIZE "
DB83848 Ethemet PHY
DP83848_PHY_ADDRESS Addresi 0x01
PHY Reset delay these values
PHY_RESET_DELAY are based on a 1 ms Systick 0x000000FF
interrupt

PHY_CONFIG_DELAY PHY Configuration delay 0x00000FFF

PHY_BCR PHY_BSR

Common PHY Registers

PHY_SR PHY_MICR PHY_MISR

Extended PHY registers

BME-MIT 2024
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STM32 Cube HAL felhasznalasi modell

| ! §
stm32hoo_it.c | | hal_msp.c app.c/main.c : stm32fxox_hal_ppp.c : Services

[ ! !

. | stm32fix_hal_gpio.c/h

| : = <

. 1.  Declare PPP handle

) 2. Init handle Params i i

y 3. Call HAL_PPP_init{) N D |(_

I -l_)l : stm32fwoc_hal_rec.c/

i ' HAL—PPP—In]t{} l :I-III-IIIIIII-II-IIIIII-I;II-I-IE-

. i T o 32h hal nviceh >

| | HAL_PPP_Mspnit() e T l|+; ' -
L e e R e N Y

’ i SIS RSN - .

l B :

: | |3 :

[ | | 3

. : i stm32fioc_hal_dmacth

i Call HAL_PPP_Process{) —ﬁ HAL_PPP_Process() -h :(-'

i ' ¥ B

: ! A LA

DMAx_IRQHandler I I I 1 Interruptmodel| : 1 DMAmodel
or . I : : i i i
o S lessssflssssssssssssssssss s saesnaasensRanEnnS samssssssmnfesnens fasssssssssncssnmnnnsnanfannasn
PPP_IRQHandler | I : ! e

| i HAL_PPP_ProcessCpltCallbackf) : | g i ;

’ E M_M _::@lll].lll-llllllllllllllllllllltllllllT-lllll

| i E | i

. i 0

! | '

i i f

: Call HAL_PPP_Delnit()  [===34 .\\ 5pp pelnit() :

I i f

; I I

. ¢ i i

I | HaL_pPP_MspDeinit() | g

; | !

| 1 1

- Meéréstechnika és
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STM32 Cube HAL inicializacié

= HAL_Init()

Inicializalja data/instruction cache és pre-fetch queue
Systick timer beallitasa a 1ms-os orajelre (HSI 6ra)

IT prioritas csoportok és preempcio beallitasa

o O O O

Meghivja a HAL _Msplnit() callback-et a sziikséges egyéb
inicializaciokhoz
= HAL_ Msplnit() “weak” ként van létrehozva

- Meéréstechnika és
© BME-MIT 2024 Informacios Rendszerek 24
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STM32 Cube HAL érajel konfiguracid

= Tipikus orajelkonfiguracio: kell, mert a SysInit nem csinalja meg

static void SystemClock Config(void)

{

RCC_ClkInitTypeDef RCC_ClkInitStruct:

RCC OscInitTypeDef RCC OscInitStruct;

/* Enable HSE Oscillator and activate PLL with HSE as source */
RCC OscInitStruct.0OscillaterType = RCC OSCILLATORTYPE HSE;

RCC OscInitStruct.HSEState = RCC HSE ON;

RCC OscInitStruct.PLL.PLLState = RCC PLL ON;
HCC_OSCIHitStIUCt.PLL.PLLSDUICE = RCC PLLSOURCE HS5E;

RCC OscInitStruct,PLL.PLIM = 25;

RCC_DSCInitEtruct.PLL.PLLN = 336;

RCC_DSCInitStEuct.PLL.PLLP = RCC_PLLP_DI?E;
RCC_OSCEHitEtEUEt.PLL.PLLQ = 7;

HAL RCC OscConfig(&RCC OscInitStruct);

/* Belect PLL as system clock source and configure the HCLK, PCLEl and PCLKZ clocks
dividers */

RCC ClkInitStruct ClockType = (RCC _CLOCKTYPE SYSCLEK | RCC CLOCKTYPE HCLK |
RCC CLOCKTYPE PCLKI1 | RCC CLOCKTYPE PCLKE]

RCC ClkInitStruct.SYSCLKSource = RCC SYSCLESOURCE PLLCLK;
HCC_CikInltdtruct AHBCLKDivider = RCC SYSCLK DI?I

RCC ClkInitStruct.APBICLKDivider = RCC HCLK D;?#

RCC ClkInitStruct.APBZ2CLKDivider = RCC_HCLK DI?E,

HAL RCC ClockConfig(&RCC ClkInitStruct, FLASH LATENCY 5); }

Tanszék
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STM32 Cube HAL MSP Inicializacié

= HAL_PPP_Init() elvégzi a periféria inicializaciét az egyes
er6forrasokat amiket a periféria hasznal (GPIO lab stb.) pedig a
HAL_PPP_Msplnit()-ben kell elvégezni.

Routine Description
void HAL _Msplnit() Global MSP initialization routine
void HAL_MspDelnit() Global MSP de-initialization routine
void HAL_PPP_Msplnit() PPP MSP initialization routine
void HAL_PPP_MspDelnit() PPP MSP de-initialization routine

- Meéréstechnika és
BME-MIT 2024 Informacids Rendszerek 26
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STM32 Cube HAL miikédési mdédok: Polling

= Blokkolas alapu végrehajtas. A funkcid végrehajtodott, ha a
HAL_OK —értékkel visszatér a fuggveny. Timeout megadhato.

= Blokkolo fliggvények tipikus belsé felépitése

pData,
inti6 tBize,uint3Z tTimeout)

if{{pData == NuULL '} || {(5ize = 0})
ieturn HAL ERROR;

Em] while (data processing is running)
;f{ timeout reached )

ieturn HAL TIMEOUT;

© BME-MIT 2024

HAT StatusTypeDef HAL PPP Transmit ( PPP_HandleTypeDef * phandle, uint8 t
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STM32 Cube HAL Timeout kezelés

= A legtobb esetben olyan API-k hasznaljak, amik polling mdédban

m(ikodnek.
Timeout value Description
0 No poll : Immediate process check and exit
1...(HAL_MAX_DELAY -1)" Timeout in ms
HAL MAX DELAY Infinite poll till process is successful

- Meéréstechnika és
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STM32 Cube HAL Mm(ikodési médok: IT alapu kiszolgélas

= A HAL faggvény visszatér miutan elinditotta az adott folyamatot
és engedélyezte az ahhoz tartozo IT-t.

= Az atvitel végérdol egy Callback fluggvény segitségével értesit
minket a rendszer (Alapbdl weak tehat feltldefinialhatd).

= Az IT alapu m(ikodéshez 4 fliggvény minta tartozik
o HAL PPP _Process IT(): elinditja az adatatvitelt

o HAL PPP _IRQHandler(): A periféria IT handlerje (alacsony szint):
stm32fdxx_it.c-ben kell meghivni.

o ___weak HAL _PPP _ProcessCpltCallback (): Az atvitel végét jelz6 Callback
o __ weak HAL_PPP ProcessErrorCallback(): Atviteli hibat jelz& Callback

- Méréstechnika és
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STM32 Cube HAL Mm(ikodési médok: IT alapu kiszolgélas

= Main.c:

UART HandleTypeDef UartHandle;
int main (void)

1

/* Set User Parameters */

UartHandle.
UartHandle.
UartHandle.
UartHandle.
UartHandle.
UartHandle.
UartHandle.

Pt

1 vy T
Init
Init
Init
Init
Initc

BaudRate = 9600;

.WordLength = UART DATABITS 8;
.S5topBits = UERT_STOPEITS_I.:
.Parity = UART PARITY NONE;
+HuwFlowCtl = UART HWCONTROL NONE;
Mode = UART MODE T¥ RX:
.Instance = USART3;

HAL UART Init (&UartHandle);
HAL UART SendIT (&UartHandle, TxBuffer, sizeof (TxBuffer));

while (1);:
}

void HAL UART TxCpltCallback (UART HandleTypeDef *huart)

1
)

void HAL UART ErrorCallback (UART HandleTypeDef *huart)

{
)

= stm32f4xx_it.c:

extern UART HandleTypeDef UartHandle;

void USART3 IRQHandler (void)
{
HAL UART IRQHandler (&UartHandle);
}

Tanszék
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STM32 Cube HAL M(ikodési mddok: DMA alapu

A HAL fluggvény visszatér miutan elinditotta az adatatviteli
folyamatot DMA segitségével.

= Az adatatviteli folyamat végerdl egy DMA IT segitségével kapunk
értesitést

= A DMA inicializacio a HAL PPP_Mspinit() figgvényben kell, hogy
megtdrténjen: Ossze kell rendelni a DMA-t a PPP-vel

= A DMA alapu mikodeéshez 4 figgvény minta tartozik
o HAL PPP_Process DMA(): elinditja az adatatvitelt

o HAL PPP_DMA IRQHandler(): A periféria IT handlerje (alacsony szint):
stm32f4xx_it.c-ben kell meghivni.

o __weak HAL PPP_ProcessCpltCallback (): Az atvitel végét jelz6 Callback
o __weak HAL_PPP_ProcessErrorCallback(): Atviteli hibat jelzé Callback
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STM32 Cube HAL M(ikodési mddok: DMA alapu

= Main.c:

typedef struct
{

PPP TypeDef *Instance; /* Register base address */

PPP InitTypeDef Init; /* PPP communication parameters */
HAIL. StateTypeDef State; /* PPP communication state */
foc)

DMA HandleTypeDef *hdma; /* associated DMA handle */

} PPP _HandleTypeDef:

int main (void)

{

/* Set User Parameters */
UartHandle.Init.BaudRate = 9600;
UartHandle.Init.WordLength = UART DATABITS 8;
UartHandle.Init.StopBits = UART STOPBITS 1;
UartHandle.Init.Parity = UART PARITY NONE;
UartHandle.Init.HwFlowCtl = UART HWCONTROL MNONE;
UartHandle.Init.Mode = UART MODE TX RX;
UartHandle.Init.Instance = UART3;

HAL UART Init (&UartHandle);

()

}

void HAL USART MspInit (UART HandleTypeDef * huart)

ﬂ
static DMA HandleTypeDef hdma tx;

static DMA HandleTypeDef hdma rx;
(i)
___HAL LINKDMA (UartHandle, DMA Handle tx, hdma tx):;
__ HAL LINKDMA (UartHandle, DMA Handle rx, hdma rx):

Tanszék
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STM32 Cube HAL M(ikodési mddok: DMA alapu

= Main.c:

UART HandleTypeDef UartHandle;

int main (void)

{

/* Bet User Paramaters */

UartHandle.Init.BaudRate = 9600;
UartHandle.Init.WordLength = UART DATABITS 8;
UartHandle.Init.5topBits = UART STOPBITS 1;
UartHandle.Init.Parity = UART PARITY NONE:
UartHandle.Init.HwFlowCtl = UART HWCONTROL NONE;
UartHandle.Init.Mode = UART MODE TX RX;
UartHandle.Init.Instance = USART3;

HAL UART Init (&UartHandle):;

HAL UART Send DMA(&UartHandle, TxBuffer, sizeof (TxBuffer)):
while (1);

}

void HAL UART TxCpltCallback(UART HandleTypeDef *phuart)
{

}

void HAL UART TxErrorCallback(UART HandleTypeDef *phuart)
{

}

= stm32f4xx_it.c:

extern UART HandleTypeDef UartHandle;

void DMAx IRQHandler {void)

|

HAL DMA IRQHandler (&UartHandle.DMA Handle tx);
}

Tanszék
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STM32 Cube HAL M(ikodési mddok: DMA alapu

= A DMA transfer complete IT-t még 6ssze kell rendelntnk a
Callback-ekkel

HAI. PPP Process DMA (PPP HandleTypeDef *hppp, Params...)

{

fi)

hppp->DMA Handle->XferCpltCallback = HAL UART TxCpltCallback ;
hppp—>DM£:Hand1e—}xferErrﬁrCallback = HAE_U&RE_ErrﬂrCallhack -
{...)

}
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STM32 Cube architektura

Evaluation boards Discovery boards Nucleo boards

Board Demonstrations

Middleware level examples

Networking
LwiP TCP/IP
& Polar SSL

USE Graphics File system RTOS
Host & Device STemWin FATFS FreeRTOS

sTM32 L
 Series |
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STM32 Cube: BSP Board Support Package

= Az adott fejleszt6kartya fuggd API-kat tartalmazza

= A fejlesztékartyan lévo klilsé perifériak kezelésének tamogatasa
o Audio Codec
o MEMS gyorsulasmérd

= Elnevezési konvencio
o BSP_FUNCT_ Action()

> BSP_LED_Init()

> BSP_LED On()
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STMCube32 Mx

= Grafikus periféria, és orajel inicializalo rendszer,
fogyasztas kalkulacioval

STHMI2ZCubaMX = Initinlization C Code Generator

Partable Peagramming Interface — Hardwars Abstraction Layer + Middlewars (RTOS, USE, TCPAP, ...}

STM2ZCubeF0* STMI2CubeF1* STMI2CubeFZ® STMIZCubeFa* £ REE 00 STMIZCubelO0® STM32Cubel 1

Embedded Embaddad Embedded Embeaddaed Embedded Embadded Embeddead
Software Software Software Saltwane Soltware Software Sofvaan
for STM3IZ FO far STM32 F1 lor STMIZFZ  for STMIZF3 BTN krdr for 5TM32 LD far 3TMIZ LY

*Hot available yei

=y —==y—rrp——ay—
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STMCube32 MXx Library menedzser nézet

= Library-k allapotanak attekintése

= — — = b
» New Libraries Manager - . - - - ﬁ

L All Softwares and Firmwares Releases

m feleases Information was last checked 4 days ago.

Sel. Description Installed Version Available Version

STM32CubeMX Releases

| 7 Software to configure and manage STM32 MCUs 4,110 4.12,0

| STM32CubeF7 Releases

B Frmware Package for Family STM32F7 1.1.0 110
! . Frmware Package for Family STM32F7 1.0.0 1.0.0
L] |
STM32CubeF4 Releases
|| B Frmwere Package for Famidy STM32F4 1.8.0 1.8.0
B Frware Package for Famiy STM32F4 17.0 1.7.0
B Firmware Package for Famiy STM32F4 1.5.0 15.0
B Frware Package for Famdy STM32F4 1.5.0 1.5.0
. Firrmaiare Package for Family STM32F4 L4.0 140
Frmware Package for Family STM32F4 (Size : 143,93 ME) L30 i
Technical Description
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STMCube32 Mx Uj konfiguracié

= MCU kivalasztasa

i A
y 1I2c

Lokl B ok

MCL Selector * Board Selectos

MCU Flters
Series : Lines ; Package
STM32F4 v Al v LGFPI00 - More Fiters = |
10 =23 Flash >= 502 (KBytes) Bam =214 (KEytes)
128 P W48 64 3{ 256
Perphera Selection MCLis List: 8 [tems
| Perphersis Mo Max | Meu = Lines Package Flash fiam Seorom 10 =
@ [ | STMIZF427VGTx ISTM3ZF4... LOFP100 [1024 256 0 a3 |
[{@]ADC 12-bit o | |STM3IZF42VITx ETMIIF4,.. LOFP100 2048 255 0 83
| | | |[sTM3F42svET> ETM32F4... LOFP100 1024 255 0 a3
JICAN 8 i |STMIZF4zIVITx STM32F4... LQFR100 2048 256 0 a3
: & : STMIZF437VGTX STM32F4... LOFP100 1024 256 ) a3
> ] | EEEEEeE STMIZF4... LOFPI00 2048 256 0 a3
(@|0AC 12-bi o T | | [sTMazra3gvaTx STM32F4... LOFP100 1024 256 0 53
& Do | | [sTMIZF439VITx STM32F4... LOFP100 2048 256 0 a3
@ Ethemet | 5 2 Ml
@ FMC [ !
5 i
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STMCube32 Mx alap konfiguracids ablak MCU médban

'

s STM32CubeMX Untitled: STM32Fa30viTx ©  ° &0 = % ' he s BT
File Project Pinout Window Help
B W& &0 [FkeepcurentSignsk Placement @ o 0 = @ 4 Find I Shiowe ueer Labsl | 90 oL &
L:F'hDLft | Clock Configuraton | Configuration | Pawer Consurmpbon. Caloulstor
onfiguration -
1= MiddleWares =
.%: o FATFS :
[# & FREERTOS ;
5 bex [ i
8 o | =
28 =8 =
e = b |
= 1ps s | pasz |
[+ ® ADCL 3 ar | Gt
R A | =1 P |
: St il b |
i+ P ' |
g o pes. s |
il = | =N
el oo | pes
| e =g
S DhUAZD = =
L ] Il oo o |
il =N o
j 25 b1 For
8 Tate =N For
e 123
s bey | STM32F439VITx o |
el ]
Ml e s m LaFP100 z.
S T e, | Foc|
[+ & LTDC
3 0 B
Callie pai Foss
;: ﬁﬁl pay [l o1 |
2 &=
iF ® s0I0 & |l é |
i % SPIL =
MOUE Selachion
== = Lines ML Packaga Required Peripharals
STMIZF4 STMIZF429/439 STMIZF425ETh LGFF100 | e "
STIMIZF4 |STM3zF425/439 SIMIZF42GTx tQFPmu | e :
STMIZF4 STMIZF429,439 STMIZF42EITY LOFF1O0 | Fone -
- Meéréstechnika és
ME-MIT 2024 Informacids Rendszerek

Tanszék

41.



STMCube32 Mx Uj konfiguracié

= Board kivalasztasa

Board Fiter Board Descrintion |
vendor : Type of Board ¢ MCLU Series
STMcroakecirancs - lasdea - Al -
[ ] crimalze sl IP with thei default Made | £
Periphera Selection Boards List: 12 Items
il Periheras Mb  Max Tyoe Referencs MU
@ s | [Mucko PUCLESFO30RE ETMIFOI0AE
J 10 il B Pliicieo _NUCLED-FOT0RE
] Muck=n FUCLEDFOTIRE
™ Phucko HUCLEDFOG1RC . C
@ Button 0 Muclkeo PMUCLEDF 1038 ETMIZF 103R8
L) ey R Mhuck=o MUCLEDF J02RE ETMIFNRE
@) am=r Bl - LR hucten HUCLED-FI0RE STMIFXOIRE
o L RMUCLEDFI39RE i‘?I'MIIE‘F.‘I!-‘HB-
@ Digital 1/0 0 PMUCLEDF411RE BT
L ekl iy | AR
- =]
™ WUCLES L 152RE ETMIZL ISIRE 1.
— e . — --F - piw ad Al N om
-+ |
o
> — R Eevs Features &
. L & On-board ST-LINK/V2-1
& E i 2 SEL 5
Pl =T 1 o USE VBUS, ext. VIN, ext. 3V, ext +3 3%
2 o STMcroelectromes Morpho connector (2 x 38)
¥ & 5TAcroelectronics Arduino connector - 10+ (2 x 85+ 6
- v A & Push-buttons: User and Reset
- & LEDs: COM, Power, User LEDs
.
-+
“ —
< Eve— s -
] - | Load Lser Marual | Lirk ba 5T WebSite
oK. || Capoed |
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STMCube32 Mx alap konfiguracids ablak Board médban

" Lehet egy alap periféria konfiguraciot hasznalni

+ STM37CubeMY Linttted: STMZ2Fa207iTy T W s . T=C
File Pﬂ:ggct Pimowt ‘|_".I1nmw Healp
B Wb A& L Y keep curment Sgnak Facemant 4 = 0 — @ 4+ Fd w|h AR S Sowmerae| T2 &
PRt Clack Configuration | Configratin | Prssr Cansumptin Cakudater |
S
- Pl Wares

= & FATFS
< " FREERTOS

e

] -
- s
1l A
= LTI
3y ADC3
= i DANT = o B
i CANZ w B
=W DR w1 B
& DAl :'I :
= iF O
= & DMAZD o
1 AHETH
= i
+ i I e o e U] [
= 4 T2
BB, | 1l PR [LCTRC g
T A TISE oo R
= @ 53 L
= = TWoe — STMIZF4292ZITx
Em WL e S LN O O [
i _{3::.:::;" [E R T - LQFPTM
= % RHG
& BT
= LT
=y s
1 L.—II:" DL LR M) B
= b sPIE C R TEW TR
L k]
= . g = 3 M{H-‘_:rggﬂ EEREEVHE [E RN EE L
i S A gaa 3%
= & PR - B R
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STMCube32 Mx érajel konfiguracid

= Az egész orajel Tree beallitasa

: e = = — - L -
» STMI2CubeM Untltled: STMZZFEZONTTE [E=NECY X
File Prepect Clogk Configurstien Windes Help
e Ul 48 (55200 ¥ §
| Praout| Clock Configraton - Configuralion | Pawer Conmunpton Cakodator | D6 Edeer
RIC Oock H
-ll -
I I:.I L5 I:I- - I= TE [Wea)
ud
L | " Ptharmet PTP dnck [MEx)
_— i [ = |
1 HCLE to Aol bun. care,
“ = ] To DG [aiac] memary and DPE (BT
1 = B Te i
V51 R Sysnam Clock Mux { II-I 1 | o Cosrtes Synibemn, Eimer | ]
e
n T + 5 e "'-I i |F|'_I.F:[nﬂ-lﬂh:i“'ﬂﬂ]
- o | SHSCLK {MHz AHE Pscier  HCLK [MHE APED Prescile : =
- - 1t — ke — 1 |- —a-= ] - atle lv-| i€ |mnmm|mcuu::
PLL Source Mux h-‘;lﬁ I - - [ |Ap|||. Timmr clocks [MEiz)
| b AFE] P
T PR
" . - L - - rlIlAPﬂm-heml chocks (MM
| | = Sl e R e A -
::_ i "_": '™ *n ‘P = gy l-[ 18 ]ml.lrrur:l-m.hl [Bika)
- R T] i "
ks BLL I.".I a My
* ol
£ IF (2%
E T -
SALT-A muros Hus
- I i |
PLiTaY
== & £ - - locks (MM
| ¥ rre P
L -
-: = -

- Meéréstechnika és

BME-MIT 2024 Informacids Rendszerek

Tanszék

44.



STMCube32 Mx konfiguracié

= Labak allapotanak konfiguralasa

o STM32CubeMX Untithed: STMIZF439V 5T S

File' Project Pinout Window Help _
E';, G |..4!| -"3 ,;_:r ! Keep Current Signals Placement < o .__‘ = a s Fnd :|- = L = | Show user Label Al R

Finout | Clack Configuration | Cenfiguration | Power Consumpbion Caloulator e

[+ & FREERTOS
® ®

FH &
-

= Peripherals
[F & ADCY
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STMCube32 Mx konfiguracié

= Periféria beallitasok

r
& STM32CubeMX Untitled™ SWEEH;J&'IT# H s sl

Fil: Project F1nuut Window Help

R L l:u dh [ [ ¥eep Current Signals Placement @ v [T == @ < Fnd| w %, & = [¥] Show user Label
Priout | Clock Configuration | Configuration | Power Consumption Calculstor | |
i o TWDG - :
T 8 LTDC
=+ 4\ RCC
| High Speed Clock (HSE) | BYPASS Clock Source = - "
Low Speed lock {58) [Cryata/Ceramic Resorator 1w, BERARRRERERRRAEERRERRERERE )

- || Master Clods Qutput 1

[¥] Audio Clock Input (125_CKIN)
o RHG
& RTC
-Alarm A | Internal Alarm -
Alarm B bi_t,able .. .
Wakelp | Disabie » = STMIZF &5V
— || Timestamp Routed to AF1 LOFPiBD

14

ROC O m R
AL pPs aw N

111

|| Tamper 1 Routed to AF1 .
Calbraton | Disable ]

[l Reference clack detection HEEEAEEEEECEECREEEEEEEEER

e ® SAT1

- Meéréstechnika és
BME-MIT 2024 Informacids Rendszerek 46

Tanszék



STMCube32 Mx kédgeneralas

stm32f4xx_hal_conf.h: HAL modulok engedélyezése

stm32f4xx_hal_msp.c: Inicializacios fuggvények

main.c: System Clock, GPIO konfiguracio

mxconstants.h: Cubemx konstans definiciok

fdefine

fdefine

D& [Blue Led] #define
f-05 [Red Led] fdefine
D3 [Orange Lad] fdefine

LD [Greer Led] fdefine

fdefine

gdefine

My TimeOut
LD4_Pin

LD4 GPIO Port
LD3 _Pin

LD3 GPIO Port
LD5. Pin
LD5_GPIO Port
LD6 Pin

! m |
o/ Parameter Settings | &/ User Constants | q.rn NVIC Settings -q-."” GPIC Settings

Search Constants
Constant Name Constant Vale
MyTimeOut {10
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10
GPIO_PIN_12
GPIOD
GPIO_PTIN_13
GPIOD
GPIO_PIN_14
GPIOD
GPIO_PIN_15
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