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Objetivos

Conocer el ciclo de arranque de un ARM Cortex-M
Saber configurar el entorno de ejecucion C
Conocer el sistema de depuracion de ARM Cortex-M

(Rehacer el proximo curso)
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Arquitectura

* Visto basicamente en
asignaturas previas

« Un vistazo rapido al mapa de
memoria

« ¢ Mas informacion sobre la
arquitectura?

THE DEFIMITIVE GUICE TO

The Definitive Guide to ARM®
oconmems  Cortex®-M3 and Cortex®-M4
Processors

3rd Edition

. i . 1 Review
View on ScienceDirect
@ Google Author: Joseph Yiu
Preview

Paperback ISBN: 9780124080829
eBook ISBN: 9780124079182
Hardcover ISBN:

Imprint: Newnes
Published Date: 18th October 2013

Page Count: 864

POLITECNICA
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Figure 17. STM32L476xx memory map
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OXFFFF FFFF

0xE000 0000

0xC000 0000

0xA000 0000

0x9000 0000

0x8000 0000

0x6000 0000

0x4000 0000

0x2000 0000

0x0000 0000

Cortex™-M4
with FPU
Internal
Peripherals

FMC and
QUADSPI
registers

QUADSPI Flash
bank

FMC bank 3

FMC bank 1 &
bank 2

Peripherals

SRAM1

CODE

Reserved
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0xBFFF FFFF
0xA000 1400
0xA000 1000
0xA000 0000
0x5FFF FFFF
0x5006 0C00
0x4800 0000
0x4002 4400
0x4002 0000
0x4001 6400
0x4001 0000
0x4000 9800

0x4000 0000
0x1FFF FFFF
0x1FFF F810
0x1FFF F800
0x1FFF FOOO

0x1FFF 8000
0x1FFF 7810

0x1FFF 7800

O0x1FFF 7400

0x1FFF 7000
0x1FFF 0000
0x1000 8000
0x1000 0000
0x0810 0000
0x0800 0000

0x0010 0000

0x0000 0000

Reserved

QUADSPI registers

FMC registers

Reserved

AHB2

Reserved

AHB1

Reserved

APB2

Reserved

APB1

Reserved

Option Bytes

Reserved

System memory

Reserved

Options Bytes

Reserved

OTP area

System memory

Reserved

SRAM2

Reserved

Flash memory

Reserved

Flash, system memory
or SRAM, depending on
BOOT configuration




El arranque (o "BigBang”) ["5[:
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« En general, un microcontrolador esta vacio de software

« Por tanto, nuestro programa debe responsabilizarse de
» gestionar la operacion de “reset”

» ajustar las zonas de memoria donde colocar cosas: heap, stack, code
... a estas zonas se las llama segmentos

» configurar relojes (osciladores) que marcan el ritmo del sistema

» otras milongas ( reguladores, controladores de memoria y bus en
general)

» v, por fin, proporcionar la funcion estandar de C main()
* (es mentira)
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Arranque (o "BigBang”) ["5[:
« En un ARM Cortex-M, tras un RESET se hace
» Ajuste del puntero STACK (la pila) con valor en dir 0x00000000
* Ejecucion del vector de RESET cuya dir. esta en 0x00000004

« La manera facil de verlo es abrir un proyecto y el archivo startup*.s

| startup_stm32i476xocs | stm32wocitc | ] delayus.c ] maine ] stm32Mwc_nucleo.c | ] stm32dwhale | stm32ibochal,

54

1= : «<h> Heap Configuration

56 : <0>» Heap S5ize (in Bytes) <0x0-0xFFFFFFFF:8>

57 . P

58

589 Heap Size EQU 0x200;

(1]

&l LRER HEZAP, MOINIT, READWRITE, ALIGHN=3

62 _ heap base

63 Heap Mem SPLACE Heap Size

64  heap limic

65

(1] PRESERVES

&7 THUME

68

(3]

T0 : WVector Takle Mapped to Address 0 at Reset

71 ARER RESET, DATAZ, READOHNLY

T2 EXPORT _ WVectors

T3 EXPORT _ Vectors_End

T4 EXPORT _ Vectors_Size

T

76  WVectors DCD __initial s=p : Top of Stack
T7 DCD Eeset Handler ; Reset Handler
TH nen T H;nrilp'r » WMT Handler

JNIVERSITAT Sistemas Embebidos
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 Enun ARM Cortex-M, el reset es una peticion de interrupcion

« Por tanto, suponiendo que trabajamos en lenguaje C
* En el handler estara donde empieza todo
* Lo primero es Systeminit(), el verdadero comienzo de un programa C
* Y después main()

Project o x | main.c E stm32fdie_rec.c strr132f4:-u{_rr.:c.h/y E startup_stm32f4x0s fputc_debug.c
=23 10_Toggle 166
E“S Ilser S0-irl T LREL. - - .| .text|, -CODE, -READCONLY
syskbem_stm3ZFd.c 165
min. ¢ 169 ;  Reset -handler
stm32f_it.c 170 Reset Handler - - - -PROC
- [#] Fputc_debug.c 170 - EXPORT- -Reset Handler- .-« [WEAK]
-5 STM3ZF4-Discavery 172 o IMPCRT .  SvstemInit
- [§] stm32f4_discovery.c 193 ... ... INPORT - - main
=55 S5TM32F4xx_StdPeriph_Driver 174 T
stm3ZF4a _roc.c @ 175 LDE. - - EOd, -=3ystemlInit
misc. C I9E ELT- - - - - EO
skm32F4s_gpio.c L LDE - - - - - B, -= main
B[] stmid32Fee_ewti.c iri=E I BY. .. g
- [5] strazfa_syscha.c 179 ENDF
=55 MDK-ARM 180
- E startup_str3zf4x. s 151 ;o Durmny - Exception Handlers: (infinite - loops - -which-can-be -modified)
182
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« Lo vemos en directo

—
main.c ]TE stm32fdwe_recc ]Tﬁ slllBZﬂ)u(J(c‘h/,ﬁ@ startup_stm32fdocs r fputc_debug.c r

Project o x
=224 10_Toggle 166
-5 User 167 AREL | .text|, CODE, -READOMLY
system_stm32Fd:x.c 168
main.c 169 ;- Reset handler
stm3z2fdxx_it.c 170 Reser_Handler PROC
Fputc_debug.c 171 B - EXPORT- -Reset_Handler-..--------. - [WELE]
[ STM3ZF4-Discovery 172 - -+ - IMPORT -ZystemInitc
@ stm32f4_discovery.c 1730 - --- - - INFCORT - main
[ STM32F4=x_StdPeriph_Driver 174
stm32F4xx_ree.c @ 175 - -LDR. - - RO, =3ystemInit
misc.c ICT P, CUBLE. - - B0
stm32F4xz:_gpio.c G157 & 3 ©'LDR: - RO, =_ main
stm32F4x_exti.c sk . . ..BZ-...-.R0
5] stm3zF4x_syscfg.c 178 e - EMDP
=5 MDK-ARM 180
: Estartup_sthZHxx-S 181 ; -Dummy-Exception-Handlers: (infinite loops-which-can-bhe modified)
igz
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» El stack se emplea para almacenar/recuperar el estado de los
registros en las llamadas a funciones

e« Cuanto mas anidadas estén las funciones, mas stack se consume

« Cuidadin, las interrupciones anidan mucho las funciones

* Fuente tipica de fallos dificiles e localizar
« SOLUCION: mas stack ... pero sin pasarse -> necesita mas RAM
» Ejemplo ajuste en Keil: archivo startup_xxx.s

; Amount of memory (in bytes) allocated for Stack
; Tailor this value to your application needs

; <h> Stack Configuration

; <o0> Stack Size (in Bytes) <0x0-0xFFFFFFFF:8>
; </h>

Stack Size EQU 0x400

AREA STACK, NOINIT, READWRITE, ALIGN=3
Stack Mem SPACE Stack Size
__initial sp

* Lo vemos en directo ...

UNIVERSITAT Sistemas Embebidos
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Ajustes del proyecto: stack/heap A

« El heap se emplea para el mecanismo de peticion/liberacion de
memoria dinamica

« En C, por ejemplo, malloc()/free()

#define NUM MEASURES 20
£f132 t* pmoistures;

pmolistures = malloc (NUM MEASURES*sizeof (f132 t)):;

 En C++ para la creacion dinamica de objetos

fdefine NUM SERVOS 30
servo t *my servos = new servo t[NUM SERVOS];

my servos[0]->SetTimer (TIM1) ;
my servos[0]->SetChannel (1) ;

my servos[0]->SetPosition(-900) ;

UNIVERSITAT Sistemas Embebidos
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Ajustes del proyecto: optimizacion C it

El optimizador permite “optimizar el cédigo haciéndolo mas rapido
y/o pequeno”

De 0 (no optimiza) ... a X (maxima optimizacion)
En Keil esta aqui

Device I Targetl Output I Listing I User C/C++ |.ﬁ5m I Linker I Debugl Lhilities I

— Preprocessor Symbaols

Define: I USE_HAL_DRIVER,STM32L476ux

Undefine: I
— Language / Code Generation
I™ Execute-only Code [~ Strict ANSIC Warmings:
Optimization: |Level 0 {(00) vI ™ Enum Container always int I-'u'-” Wamings |
[T Optimize f| <defauﬂ _ [ Plain Charis Signed I Thumb Mode
™ Split Load [” Read-Only Position Independent [T Mo Auto Includes
W One ELF |Level 2(02) [~ Read-Write Posttion Independent ¥ €59 Mode

Level 3 (03)

UNIVERSITAT Sistemas Embebidos
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Ajustes del proyecto: optimizacion C

* Qué hace el optimizador ... id al manual del compilador

@ ARM Development Tools

o=
QOcultar Buscar Atras Adelante Imprimir Opciones

Contenido |[ndice I Bu;carl Favoritos I MDK-ARM C/C++ Compiler

@ ARM Development Tools ~

B () uVision® User's Guide Preprocessor Symbols

(23 About pVision
(23 User Interface
|2 Creating Applications
(2 Ltilties
(23 Debugging
[Z3 Debug Commands
(2 Debug Functions
(23 Simulation
[Z Flash Programming
B 3 Dialogs
(23 File
(23 Edit
(23 View
El 3 Project
(23 Project tems
[£] Mutti-Project
@ Select Device
[£] Batch Buid
[£] Manage Run-Time Environment
Bl £3 Options
Device
[£] Properties
(23 Target
(23 Output
(27 Listing
@ User
2] Keil EC++ Compiler
Bl 5 Compiler

2] Keil C166 Compiler
[£] Keil Cx51 Compiler
2] Keil C251 Compiler
[£] GNU ARM C Compiler

Define

Sets preprocessor symbols which can be checked with #if, #ifdef and #ifndef. The defined names are cop
get a value. For example,

o Symbols

B
F

Define: [Check. NoExtRam, X1=1+5

Undefine: I

is identical to the following C preprocessor #define statements:

#define Check 1
#define NoExtRam 1
#define X1 1+5

[# Note
m Settings of the Define field get translated into the command line option -Doption.
= To define X2 without setting a value, enter -0¥2= in the field Misc Controls.

Undefine
Clears previous Define assignments that are entered in the options dialog of a higher Target or Group lew

Language / Code Generation

Enable ARM/Thumb Interworking
Available only for CPUs that can switch between ARM and Thumb mode.

Generates code that can be called in any CPU mode (ARM or Thumb). Sets the compiler command-line optic
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« Ajustes asociados al chip usado ... y mas

Options for Target 'pwmled’ *

Device E‘tl Outputl Listingl User I C;‘CHI Asm I Unkerl Debugl Util'rtiesl

STMicroelectronics STM32L476RGTx Code Generation
Mol (MH: [40 | ARMCompier:  [Use defaut compler version =]
Operating system:  |None ;I
System Viewer File: ™ Use Cross-Module Optimization
ISTI\-'ISELi;t..svd J ¥ Use MicroLIB ™ Big Endian
[~ Use Custom File Foating Point Hardware: IUse Single Precision LI
—Read/Only Memory Areas —Read/Write Memory Areas
default  offchip Start Size Startup default  offchip Start Size Molnit
~  RoM1: | | c ™ RaM: | | r
I~ Rom2 | | - T RAMZ | | r
~  RoM3: | | s ™ RAw3: | | r
on-chip on-chip
IRoM1: |(x8000000  |0x100000 & W IRAM1: [0x20000000  {Bx18000 r
™ IRom2: | | r ™ IRAMZ: [(x10000000 [0:8000 r

OK |  Cancel |  Defauts | Help

* Microlib -> una reduccién de la biblioteca estandar C
* Floating point por HW -> hay que habilitar la unidad FPU!
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« En archivo stm32l4xx_hal conf.h y similares
» Configura, por ejemplo, los mdédulos activos
* (Acordarme de meterlo también en el libro un dia de estos)

40 /* Define to prevent recursive inclusion o
41 F]#1fndef _ STM32L4xx HAL CONF_H
42 | # _ STM32Lexx HAL CONF_H

44 H]#ifdef _ cplusplus
45 [] extern "C" {

46 1if

CT

48 | /* Exported types o

49 /* Exported constants =

50

51 }’ * R EEE4444444 Module Selection #EEEEEEERARREEEEEEEEEEREREEEE 4 /

ief This is the list of modules to be used in the HAL driver

# HAL MODULE_ENABLED

57 | /* #define HAL ADC MODULE ENABLED */

58 | /* $define HAL CAN MODULE ENABLED */

58 | /* #define HAL CAN LEGACY MODULE ENABLED */

60 | /* #define HAL COMP_MODULE ENABLED */

6l | # HAL_CORTEX_MCDULE_ENABLED

62 | /* $define HAL CRC MODULE ENABLED */

63 | /* #define HAL CRYP MODULE EWABLED */

64 | /* #define HAT DAC MODULE ENABLED */

65 | /* #define HAL DFSDM MODULE ENABLED */

66 HAL DMA MCDULE_ENABLED

67 | # HAL_FLASH MODULE_ENABLED

68 | /* #define 1. NAND MODULE ENABLED */

69 | /* #define HAL NOR MODULE ENABLED */

70 | /* $define HAL SRAM MCDULE_ENABLED */

71 HAL_GPIC MODULE_ENABLED

72 |4 HAL I2C_MODULE_ENABLED

73 | /* #define HAL IWDG_MCODULE ENABLED */

74 | /* $define HAL LCD MODULE ENABLED */

75 | /* #define HAL LPTIM MODULE ENABLED */

76 | /* #define HAL CPAMP MODULE ENABLED */

T7 | #d HAL_PWR_MODULE_ENABLED

78 | /* $define HAL QSPI_MODULE_EWAELED */

75 | # HAL_RCC_MODULE_ENABLED

80 | /* #define HAL RNG MODULE ENABLED */

81 | /* #define HAL RTC MODULE ENAELED '/I

UNIVERSITAT Sistemas Embebidos
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« Diferencia a un juguete (Arduino, p.e.) de algo profesional
 Fundamental para localizar errores
 ARM Cortex-M es la pera en cuanto a depuracion
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« Dependiendo del tipo de ARM Cortex-M tendremos mas opciones o
menos

NIVERSITAT Sistemas Embebidos
;] POLITECNICA
DE VALENCIA

ARM Cortex-MO0 tiene menos opciones
Interfaz JTAG clasico y SW (Serial-Wire) para ahorrar lineas de salida

CoreSight debug: el estado de la CPU y de la memoria puede ser
accedido en vivo (con la CPU funcionando)

6 breakpoints y 4 watchpoints
ETM (Exxx) para traza de instrucciones y datos basado en DWT

Excepciones (bus fault, memory fault, ...) facilitando enormemente la
captura de fallos raros

ITM para emular el “printf()” tipico de depuracion de codigo del afio de
la pera

Programacién ARM
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* Esreal: cobmo se conecta fisicamente en la placa de practicas
 La “sonda de depuracion” es “ST_LINK V2-1"
* NRST: reset del micro
«  TMS(SWDIO)/TCK(SWCLK): SW bus (PA13 y PA14 se pierden)
«  SWO: bus ITM para printf()
« USART_TX/USART_RX:,puerto serie redirigido al puerto de depuracion

U_Connectors U_MCU_64
Connectors.SchDoc MCU 64.SchDoc
PA[0..15] PA[0..15]
PB[0..15] ~ PB[0..15]
PC[O,.ISZ] < o PC[20.,15]
PD PD
PDS [ | — PDS SB9
PF[0..1] < PF[0..1]
PF[4.7] PF[4.7]
BOOTO [ ] BOOTO
NRST [_|
U ST LINK V2-1
ST LINK V2-1.8CHDOC
NRST [ | ] NRST
TCK [ ] TCK
T™S % % T™S
SWO SWO
STLK RX < | USART TX
STLK_TX > USART RX
MCO [ ] MCO
U R J—| No tiene porque estar todo conectado.

Recordad placa con pantalla grafica de
112 y el puente que hicimos.
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Depuracion: sonda

La “sonda de depuracion” es critica
» De baratitas incorporadas como la St-Link -> limitada

:DISCH:
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 Aftop” que permiten explotar mas mecanismos de depuracion

Ejemplo “semi-top” Segger J-Trace

Ejemplo “semi-top” ARM ULINK plus

Echemos un vistazo ...

JINIVERSITAT
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DE VALENCIA

Sistemas Embebidos
Programacién ARM

Function
CRYPTO_ECC_ModMul

Source Coverage Inst. Coverage Load
IRNSEE, 7) RIS 43) NS 274

CRYPTO_ECC_ModSquare | T1.48 8/7) | 70.7% (28/41)  32.66%

CRYPTO_EC_KilPoint

35 685
35 689
35 €85
35 e89

35 688
o

35 689 24z
35 689 z43 [¢
35 689 244 [

® 35688

35688 245 ¢

0247 ®

100.0% (6/6) 100.0% (23/23) 0.41%
100.0% (6/8)

100.0% (28/28) 0.37%

# int CRYPTO_ECC ModMul (CRYPTO_MPI

if (pCurve- >pflReduce) {
CRYPTO CHECK (CRYPTO MPI Mul ()

e - LDR
LDR
LDR

'
T’



https://store.developer.arm.com/store/debug-probes/ulinkplus-debug-adapter

Depuracion: sonda St-link

 Puesta a punto de la sonda

1 -Descarga de drivers de St e instalacion (siguiendo el libro y ya lo
habéis hecho

« 2 - Configuracion en el entorno de desarrollo: p.e. Keil

= gervo_Init():

UNIVERSITAT

POLITECNICA
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Options for Target 'STM32L476RG_MNUCLED'

Devicel Target I OutertI Listingl Uszer I C;”CHI Asm I Linker Debug |Uti|'rties I

" Use Simulator  with restrictions

[ Limit Speed to Real-Time

Settings |

v Load Application at Startup ¥ Run to main{)

Initiglization File:
| ] Eae |
Restore Debug Session Settings————————————

V¥ Breakpoints v Toolbox
¥ Watch Windows & Peformance Analyzer

% Use: |5T-Link Debugger ;I Settings |
ULINKplus Debugger ~
CMSIS-DAP Debugger

[¥ Load |J-LINK/ J-TRACE Cortex b main()

Models Cortex-M Debugger
Initializati ey e g
l_ PEMicro Debugger
MULink Debugger
Stellaris ICDI
Restore| 5\ b UDA Debugger

[ Br{Altera Blaster Cortex Debugger
v

TI XDS Deb
I7 (& ] IUIrlusz;gger

==

¥ Memary Display ¥ System Viewer v Memary Display V¥ System Viewer
CPU DLL: Parameter: Driver DLL: Parameter:
ISAHMCM&.DLL I-HEMAP ISAHMCMB.DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDCM.DLL I-pCMB ITCM.DLL I-pCMB

[~ Wam if outdated Executable is loaded

[ Wam f outdated Executable is loaded

Manage Component Viewer Description Files ... |

oK I Cancel

Defauts | Help

Sistemas Embebidos
Programacién ARM
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Depuracion: sonda St-link |]|5[:'H'
« Puesta a punto de la sonda: elegir “Settings”
 Debug, Trace, Flash download

« La sonda tiene que estar conectada (en este caso la placa Nucleo)
° Jugamos . Cortex-M Target Driver Setup %

Debug |Trace | Flash Download |

— Debug Adapter — 5W Device
Unit: |ST-LINK/V2-1 |

IDCODE | Device Mame | Move
SWDIC|  (x2BAD1477  ARM CoreSight SW-DP

Els

Serial Mumber: o
I oL R e e T T * Automatic Detection 1D CODE: I—
Version: HW: [V2-1  FW: |V2133M25 ¢ Manual Configuration  Device Mame: |
[¥ Check version on start Add | Delete I |Ipdate | IR len: I AP: I'[H
— Target Com

F‘ort:ISW TI
Clock
’;{eq:l 4 MHz Se.-lected:l 4 MHz

— Debug
Connect & Reset Options Cache Options Download Options
Connect: INana| LI Reset: IALrtodetect LI |7|7 Cache Code—‘ |7|- Verify Code Download
¥ Reset after Connect [~ Stop after Reset ¥ Cache Memory [™ Download to Flash

Aceptar Cancelar Aplicar

UNIVERSITAT Sistemas Embebidos
POLITECNICA .,
DE VALENCIA Programacién ARM




« Puesta a punto de la sonda: elegir “Settings”
* Debug, Trace, Flash download

 La sonda se puede encargar también de grabar la flash ...

UNIVERSITAT
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Depuracion: sonda St-link
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| Selected Flash Algorithm File:

Cortex-M Target Driver Setup x
Debug I Trace Fash Download |
— Download Function RAM for Algorithm
LUAD " Frase Ful Chip ¥ Program
§q © GoseSectos W Verly Start: [20000000  Size: [(x1000
¢ DonotErase | Reset and Run
— Programming Algorithm
Description | Device Size | Device Type | A.Mge_l_
STM32L4xx 1MB Fash ™ On-chip Fash 08000000H - 0B0FFFFFH
|
Add Flash Programming Algorithm X
Description | Flash Size | Device Type | Origin |
2 dx 1IMB Flash On-chip Flash Device Family Package

STM32L4xx dual bank Fash ... 3B On-chip Flash Device Family Package
AM2%¢128 Flash 16M Ext. Flash 16bit  MDK Core
KBPEE15UGA Dual Fash 64M Ext. Flash 326t MDK Core

Add | LPC1 8/ 430 MX25VB035F .. am Ext. lash SPI  MDK Core
LPC18ex/ 430 S25FLO32 SP.. 4M Ext. Alash SPI  MDK Core
LPC1 e/ 430 S25FLOGS SP... amM Ext. lash SPI  MDK Core
LPC407x/8x S25FL0O32 SPIFI AM Ext. Flash SPI MDK Core
LPCE460x MT25GL128 SPIFI 16M Ext. Flash SPI MDK Core
M23WE40FB Fash am Ext. Flash 16bit  MDK Core
MIMXRT105¢ EcoXiP Flash 4AM Ext. lash SPI  MDK Core
RC28FE40J3x Dual Aash 16M Ext. Flash 326t MDK Core
S525GLOB4N Dual Flash 16M Ext. Flash 32bit  MDK Core
S25JL032H_BOT Flash 4AM Ext. Flash 16bit  MDK Core
S525JL032H_TOP Fash 4M Ext. Flash 16bit  MDK Core

C:\Keil ARMARMYPACK Keil\ STM32 L 4ex_DFPY2.2. 0N\CMSIS W Flash\STM32L 41024 FLM

]

Cancel




Depuracion: sonda St-link |]|5[:'H'

« Puesta a punto de la sonda: elegir “Settings”
 Debug, Trace, Flash download

* Qué y como se recoge la informacion de traza ... casi ni idea
b CUida “Core ClOCk” Cortex-M Target Driver Setup

Debug Trace | Fash Download |

Core Clock: |  ENNIDINN MHz ¥ Trace Enable
— Trace Port — Timestamps ——— [ Trace Events
Serial Wire Output - UART/NRZ LI ¥ Enable Prescaler: I‘I vI [~ CPI: Cycles per Instruction
= [~ EXC: Exception overhead
SWO Clock Prescaler: 40 ~PC Sampling [ SLEEP Sieep Cycles
o Prescaler[1024°16 =1 | | = | ) | nad Store Ut Cydles
S Clock:l 2 A2 [™ Periodic Period:l <Disabled> [~ FOLD: Folded Instructions
[~ on Data R/W Sample [w EXCTRC: Exception Tracing

—ITM Stimulus Ports

Port 24 23 Port 16 15 Port 8 7 Port 0
Enable: |ﬂ!FFFFFFFF levlwlvlvlvlvlv el rd el vl el vl e el e e v e e e

F'n\rllege.l[bt[H]’l]’D’D’l]’l]E Pot 31.24 ¥ Pot 23.16 [~ Port 15.8 [ Pot 7.0 [~
— Advanced settings

™ Ignore packets with no SYNC
[~ Overwrite CYCCNT

Aceptar Cancelar Aplicar
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« APARTIR DE HOY NADA DE DARLE AL BOTON “RESET”

B

« \Veamosla en accion

m H:\traste\STM32_caixo_desastre\STM32L476G-Nucleo_Serve-SG30\pwmled\MDK-ARM\pwmled.uvprojx - uVision - ®
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
NEEA@ 4 DB[9 0@ | P RBR EE/EEG B senstmzien VB e| @ oo @@
FlRe srdo s DBBEnad O 3-8 0 @)%
Registers 3 E Disassembly 0 x|
Register [ value || 0x08001CFA 0000 MOVS r0, ro A
= Core _ 55: HAL, Tnit():
s oo, =>0x08001CFC F7FEFBAE BL.W HAL Init (0x0800045C)
‘Rz 5200000000 56: systemClock Config();
R3 0<08001AA1 57:
E R EER) 0x08001DD0 F7FFFBDA BL.W SystemClock Config (0x080014B8)
g R5 (<08001F30 cq- e = = TRty - o
“RB 0x00000000 P = /Aarrar cone sServon H N
R7 000000000
R8 x00000000 | ] startup_stm32M760es ] maine ] sevoh ] emorh ] sevocr | ] emorc | ] stm32dichal msp.e | ] stm32iwoChaltimec ] system stm32idoce ] stm32diochale | | ] stm32Mwochal_cortex.c F X
45 -
oot 46 /* Private variables ——--=——----—mmmmmm
o 47 /* Private function prototypes ———=——-———————————mm—mm
o 0:61000000 48 void SystemClock Config(void):
ke _
[ System 4 9
- Intemal
ode Thread 50 int main (void)
rivilege Privileged
- Stack MSP =
"Sl:lcas 1864 51 & {
Sec 0.00018640
- FPU 52
>3 error t error code;
54
b 55 HAL Init():
56 SystemClock Config();
57
58 error code = servo Init():
59 if (error code != Error NoError) v
[Elrroject | E Registers < >
Command a B watch1 N |
Load "pwmled\\pwmled.axf" Name Value Type
BS \\pwmled\../Src/main.c\é6
BS \\pwmled\../Src/servo.c\118 v capt‘”Ef"'”_“""ar
WS 1, “capture_value <Enter expres...
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» La plantilla esta preparada para usar SWO
* Redirecién del flujo de salida estandar (putc(), printf() ...)

& Windows Xp marranades [Corriendo] - Oracle VM VirtualBox RCRES
Maquina Ver Dispositivos Ayuda
; ST

Edit View Projet Flash Debug Peripherals Tools SVCS
lzd d [F= "
=0 oo o - DRE

B syseminit N & E# PREY .

Regusteis 2 x| [Disassembly \ 2 x|
FESa B 17: int3z_t i = O UART #2 -]
E Core 12 BANTIZbh UART =3
! jﬂvnﬂnnr}:nn Z4nn ws Debug (printf) Viewer N —'j
4 3
5 startup_stm32faxcs (4] mainc ]\ / v x
12 #include <stm3Zfdmm. hy @ —— |
i)
14 int -main(void)
15 B {
> 17 int32 t-i-=-0;
18 uint32_t-j;
LS
20 while (1) ¢
21 for (j=0;3j<1000000:3+4) 43}
22 | - - printf ("Contador-%d\n",1);
[ Barked 5 DR
F System ’
- Internal = 2 S R -
EProJect | = Registers 4] S '/ \él_l
Command /}I X| Debug (printf} Viewer a x
#%% Currently used: 1440 Bytes (4%) 2] lcontadar z08 =
( =| llcontader 307
Kl _’l—I -
o

> 151
ASSICM BreakDisable BreakEnasble BreakKill BreakList BreakSet BreakAccess COVEER, ':.Jcall Stack + Locals |§Debug[prmtﬂviewer Elhlemoryl|

Show or hide the Serial 4 Trace: Running ... > ST-Link Debugger t1: 10.46784046 sec
lthnicioI H:\tmp'curset_TKUSTL..

@ asu ‘ [ tmp - Dolphin I7 punyeteros-ADCs|  daf Cajade herramien: @ Curso empresa| A¢

E1T C1

YLD BY ™ 1749
B @ &8 &P (0 v [ | (B [€] Ctrl Derecho
L,ql 9 L\,:'J 55 yﬁ: @ Q) F o 15,‘1075.7.9“51_

[punyeteros-ADCs

ﬁ ‘Windows Xp marra:
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e Deberiamos usar siempre nivel optimizacion O durante el desarrollo

* O lo sufriremos en la depuracién, condiciones de carrera,
funcionamiento extrano ...

« La herramientas automaticas suelen ponerlo a 3 -> jCambialo!

'()() _():;

GPIO InitStruct.Pin = GPIO PIN 5;

GPIO InitStruct.Mode = GPIO MODE AF PP;

GPIO InitsStruct.Pull = GPIO NOPULL;

GPIO InitStruct.Speed = GPIO SPEED FREQ LOW;
GPIO InitStruct.Alternate = GPIO AF1 TIMZ;
HAL GPIO Init(GPIOA, &GPIO InitStruct); // t

GPIO InitTypeDef GPIO InitsStruct;

GPIO InitStruct.Pin = GPIO PIN 5;

GPIO Initstruct.Mode GPIO MODE AF PP;

GPIO InitStruct.Pull GPIO NOPULL;

GPIO InitsStruct.Speed = GPIO SPEED FREQ LOW;
GPIO TInitStruct.Alternate = GPIO AF1 TIM2;
HAL GPIO Init(GPIOA, &GPIO InitStruct): // tr

HAL TIM PWM Start (¢htim, TIM CHANNEL 1);

return Error NoError;

HAL TIM PWM Start(shtim, TIM CHANNEL 1);

* (Nivel de optimizacion y el “volatile” e ilustrarlo con el examen y el
contador de pulsaciones)
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 Botones de control
» Reset, run, step, step-over, run to cursor, step out of the function ...

[ = @ & = | | - | ™ T3 T8 T == F /= iz &
XEO| B IR BE P 3-8 2@
Reqgisters o EJ Disassembly

« Command window (ni idea de como se usa, pero parece util)

| g —ClENte de carreo Ihundelbird_—— @

W

< >

=
ASS5TGN BreakDisable BreakEnable BreakKill Breaklist BreakSet Breakhccess COVERAGE COVIOFILE DEFINE 1

Tienda t
—
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Depuracion: step-by-step I

» Call-stack and locals
« De donde venimos y las variables automaticas creadas
« Podemos cambiar la representacion entre hexadecimal/decimal/...

 jPodemos tocar las variables!

Call 5tack + Locals

Mame Location/Value Type
= % servo_SetPosition One0B001EAC unsigned char f{short)
¢ tenth_degree 900 param - short
¥ capture_value _ auto - unsigned int
= % main CheDOODO000 int f()
¥ error_code 0 auto - unsigned char

d

r.;;‘_']CaII Stack + Locals |°&'§~'3|T|'a-:r: Exceptions ,,E;'_}«ﬂE-.-'-':nt Counters | ] Memory 1
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 Podemos ojear variables

lue;

int32 t)tenth degree - TENTH DI
= capture value;
capture values = 2000

« O vigilarlas con un “watch”, “memory” y “légic analyzer”

PIO Ini Bt
Add 'capture_value' to... 4 Watch 1 Watch 1
TIM CE
’ - Insert Tracepoint at "capture_value'... L4 Watch 2 Mame Value T}pr
Enable/Disable Tracepoint Memory 1 W capture value 2000 un;igned int
M 2 = .
T Insert/Remove Bookmark Ctri+F2 B ¥ capture_value + 1234 3234 unsigned int
....... . Memory 3 ak .
Undo Ctrl+Z <Enter expression>
o o ol Redo Cirl=y Memory 4
th of d § Cut Ctri+X Logic Analyzer
53 Copy Ctrl+C
Vi /7 o[k Paste Ctrl=V
Select All Ctri+A
(intlé | Execution Profiling L4
Qutlining 3 1
n; Advanced 4 -
g Call Stack + Locals | Watch 1 ‘E@Tra-:e Exceptions @?EE-.—'ent Counters Memory 1
t32_t)t Hexadecimal Display (radix=18) M - TIMMING MIN))/(TEN
captu
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« Estilo “Reference manual” (registros internos)

o

Peripherals  Tools SVCS  Window Help

System Viewer » ADC 3 B TIM2 L x |
= CorePeripherals  » o TR -
[ COMP Ezl«l?ﬁn(.s ] semvo.c
j:"a'“ 1 CRC fEx MasterConfigSyn Property Value
1 s Error_ServoInit; CR1 ‘)}11}‘)'}‘)'}‘)'}1
(000000000 . DAC
| CR2 0
DBGMCU
00000038 1 CMode = TIM_GCMODE SMCR 0
TR St o
(x0B001F60 | ity = e
{ DFSDM1 CPolarity = TIM_CC
oo | | iy DIER
&mmm { owa | PWM_ConfigChannel SR 0x0000001F
00000000 1 DMA2D 4
(000000000 E S Init:
oaowono [ | E7 EGR
000000000 | FMC
1 .
&MTEEH i FRU } fspPostInit (ghtim2) CCMRT_Output (LA
FIREWALL H
m | o oeoe cozo_tmseses CCMR1_Input  [U0niTE
B ... . - oo ex CCMR2 Output
] ruct.Mode = GPIO_M
o + (
e *pruct.Spesd = GPIO_ CCER 00000001
Thread IWDG ruct.Alternate = G
Privileged i
Mvgﬂpeg i o it (GPIOR, &GPIC_In =--CNT DxDODLEED
36023288 CmM Pl Start (shtim, TIM C CMT H DheDOD0
9.00582200 T -
1 NoE ;
i' OPAP PSC 00000004
| pwn | [rrereeeessesaaas
1 ARR C00OD04E20
1 QUADSPI the position of T o
1 Ree n_degres tenth of CCR1 Ox000007DO
o ccre
1 RIC Position(45€): //
1]
1 SDMMC1
1 capture_valus;
1 SW DMAR Q0000001
® 1 SWPMIT alue = (([in£32_r) OR 0
1 M » TIM1
13 ]
T5C v | Mz
5 [v]
1 USART 3 MME feassas
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* Préximo curso
« TO BE CONTINUED ...

| Trace Exceptions

H| | &| [¥  EXCTRC: Exception Tracing | [¥  Timestamps Enable

k3 MName Count Total Time Min Time In Max TimeIn  Min Time Out  Max Time Qut  First Time [s]  Last Time [s]
B UsageFault 0 Os
1 SV Call 0 Os
12 DebugMaonitor 0 Os
14 PendSY 0 0=
15 SysTick 5 Os 0.22474050 10.28563025
16 WWDG 5 Os 0.09767350 9.83788250
17 PVD_PVM 0 0=

18 TAMP_STAMP 0 Os
19 RTC WEKUP 0 Os

rq';_‘]CaII Stack + Locals | Watch 1 @?ETrace Exceptions @E:—'ent Counters

Memory 1
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» Bip, bip
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