ARM mbed

Programovani kitu FO- Lab v C++ pomoci on line IDE mbed

Klub ETC, CVUT FEL, kat. méFeni

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha



Dalsi pouziti desky FO - Lab
Procesor firmy STMicroelectronics STM32F042F6P6
s jadrem ARM Cortex - MO, stejny jako v deskach ST Nucleo

Je néjakd moznost tvorby programi pro jednoduché nenarocné
aplikace bez studia struktury procesoru (nastavovani periferii,.....)?
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Desky STM 32 Nucleo

STM32 Nucleo desky pro seznameni s procesory STM32
Cela rada desek (cca 40 desek) viz st.com/stm32nucleo
Dotované ceny, vvhodné Nucleo STM32F303RE (260 K¢ bez DPH)

Pozn. pro Nucleo STM32F303RE - mame program LEO - osciloskop,
funkcni generator, voltmetr

arm

MBED
Enabled
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Desky STM 32 Nucleo

MoZnost programovani pomoci riiznych nastroji - od asembleru az

po Matlab.
Podpora programovani desek Nucleo také On line IDE mbed

Snaha dosahnout jednoduchosti, jako u Arduina, desky obsahuji take
konektory kompatibilni s Arduino konektory a podobné pojmenovani

signala

MBED
Enabled
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Deska FO- Lab a deska Nucleo ?

Na desce Nucleo 32 je procesor STM32F042K6 v pouzdie LQFP 32
s 32 vyvody

Nas procesor STM32F042F6P6 ma pouze 20 vyvodii, ma vsak
stejné velkou pamét Flash i SRAM i shodné perieferie (vstupné
vystupni brany, komunikacni kanaly UART, SPI, IIC Bus,..) s shodnym
programovym ovladanim.

Re$eni - pti tvorbé programu pomoci On line IDE mbed ,piedstirat,
Ze se tvori program pro STM32 Nucleo F042, a pouZivat pouze ty
piny, které ma nas STM32F042F6P6 v mensSim pouzdre.

Zavér - vyuziti mbed pro Nucleo F042

Co znamena On line IDE mbed ? Program se tvori (edituje a
preklada) pomoci webového prohliZeCe primo na prislusné www
strance. Stahne se vysledny binarni kod, ktery se nahraje do
kituNucleo.
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CO JE TO MBED

« Knihovna pro programovani mikrokontroléru
* Jazyk C++
* Jednoduché funkce délaji slozité véci

* ,0dridice auta az po jeho mechanika“

Prehled podporovanych desek na: https://os.mbed.com/platforms/

STM32)ava

ARM @

‘\ MATLAB
SIMULINK

STM32Cube CMSIS and Virtual machines
and Std Libraries Mbed SDK and models
4+ »
Average optimization Low optimization Low optimization
STM32 portability ARM portability large portability
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Jak se resi priprava programu

 Registrovat se na https://os.mbed.com/account/signup/

 Poregistraci a prihlasenti je potreba pridat do prostredi pratformu s
procesorem STM32F042K6 => v prohliZeci se otevrete stranka s
platformou: https://os.mbed.com/platforms/ST-Nucleo-F042K6/
a klikne se na "Add to your Mbed compiler"

\‘ PE To compile a program for this
NUCLEO_FO42 Ké ‘\ beard using Mbed CLI, use
\ nucleo_f042ké as the target
\ name.
Affordable and flexible platform to ease prototyping using a STM32F042K6T6 microcontroller. \

' Board Partner

Lys

\ .
\ life.augmented
\
\
\
\
\
. © Table of Contents \ ST
O \
verview 1 Overion )
2. Microcontroller ‘I ) .
The STM32 Nucleo hoard provides an affordable and flexible way for users to try out new oIS \  Aworldleader in providing the
ideas and build prototypes with any STM32 microcontroller line, choosing from the various o TR T \  semiconductor solutions that make
combinations of performance, power consumption and features. 4, Board pinaut “ a positive contribution to people’s
5.g ted Shield * lives, both today and in the future.
The Arduino™ connectivity support and ST Morpho headers make it easy to expand the . uppo.r = 1elds
- . . . . 6. Technical references —_— s - . . - . -
functionality of the STM32 Nucleo open development platform with a wide choice of I
. R 7. Known limitations I
specialized shields. © Add to your Mbed Compiler

8. Tips and Tricks

The STM32 NMucleo board does not require any separate probe as it integrates the $T-
LINK/V2-1 debugger/programmer.
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Prechod ke kompilatoru

Po vybéru desky prejit kliknout na kompilator nebo zadat
https://os.mbed.com/compiler/ -

~

“A
E’lEIE.g Overview ~ Hardware + Docs v Code~  Support +  Built withMbed ~ Q m Compiler ,_9__“'

A Please verify your email address. You can resend the verification email or update your email address in your account settings.

Boards » NUCLEO-F0O42Ké

To compile a program for this
NU( LEO_ FO42 K6 board using Mbed CLI, use
nucleo_f042ké as the target

name.
Affordable and flexible platform to ease prototyping using a STM32F042K46T6 microcontroller.

Board Partner

) /4

life.augmented
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Novy program

Novy program
a zvolit platformu.

i Mew v Impart
H Mew Prngraln...

- - —
FO42K6_USBDevice_ex
FO42K6_USBDevice_ex
MAG3110
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Palinn Nevire '.l';.n;cguxxg.n- N

< Workspace Management
/~, Manage your Program Workspace
ample_2 - Listing all programs in your Program Workspace
ample_10
ample_v_ AT |T*r'|:|e to filter the list ... | [ match cazse  [] Whole Word

Create new program

Create new program for "NUCLEQ-FO42K6"

This will create a new C++ program for MUCLEQ-FO42KE" in your
waorkspace, You can always change the platform of this program
once created.

@ Please specify program name

Platform: | % NUCLEO-Fo42s

|-@ Blinky LED test for the 5T Mudeo boards

Template:

Program Name: | Mucleo_blink_led

The name of the program to be created in your
workspace

IUpdate this program and libraries to latest revision

QK Cancel




Novy program

Pro rychlejsi praci - moZnost nahravani miZeme vyuzit pro seznameni
desky Nucleo STM32F303RE

Create new program x

Create new program for "NUCLEQ-F303RE" » &
1
Al

This will create a new C++ program for "MUCLEQ-F303RE" in your (
workspace. You can always change the platform of this program ¢ ’
once created.

@ Please specify program name

Platform: | % NUCLEO-F303RE -

Template: 3 Basic example of how to blink a led using the 'I'||:I4 - |

Program Name: |Nucleu:|_ﬁn:ker |

The name of the program to be created in your
workspace

| Update this program and libraries to latest revision

QK Cancel

18 & WIAT
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Jak na to

Samotné prostredi mbed
poskytuje mnoho zakladnich
prikladii, ze kterych se da
vychazet
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Create new program

Create new program for "NUCLEO-F042K6"

This will create a new C++ program for "NUCLEQ-F042K6" in
your workspace. You can always change the platform of this
program once created.

-'Q) Please specify program name

Platform:
Template:

Program Name:

@

tifications

_—LI ADC Internal Temperature Sensor reading
— example

.__L| ADC read value example.

—LI Basic example of how to blink a led using the
= Ticker object.

_—'-I Basic example to display a counter on the 7
— segment Gravitec

.__L| Blinky LED test for the ST Nucleo boards
.__L| Display a message on PC using UART.
___L| Display the date and time using RTC.
.__L| Output a pwm signal.

_—'-I Qutput pwm signal with duty-cycle changed when
—! pressing a bu

.__L| Print on PC example.
.__L| Read hyper-terminal
___L| Read several 10s of a port at the same time.

___L| Toggle several I0s of a port at the same time.
D Empty Program
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PRVNI PROGRAM

« Staci zalozit projekt s nékterou z predloh
« Blikani LED

* Predloha funguje na demonstracnim Kitu, s drobnou modifikaci
ina desce FO - Lab

|M 0 N}
Tnoj Q 5,!
il :*‘w 3
“! YI o)
! .Iﬂ.v‘

ARM'
mbed

enabled

L
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Prvni program

&« > C https://developer.mbed.org/compiler/#nav:/Nucleo_blink_led_042/main.cpp:

Create new program

Create new program for "NUCLEO-F042K6"
This will create a new C++ program for "NUCLEO-FO42KE" in
wour workspace. You can always change the platform of this
program once created,

o Please specify program name

Platform: |,.', NUCLEOQ-FD42K6

Template: Blinky LED test for the ST Nucleo boards

Program Name: | MNucleo_blink_led|

The name of the program to be created in your
workspace

|#| Update this program and libraries to latest revision

oK || Cancel
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Jak se resi priprava programu

Otevrit ,,Compiler” a zacit programovat

N - [ =] =J (o)
B mbed Compiler Nucieo_ x ¥ — - - - - - \
« [ https://developer mbed.org k O .=
mbed Mucleo_blink_led_042/main.cpp
¥ ew v P Import +) Compile v & Commit ~ (o) Revision F-Y > % L] Help NUCLEO-FO42K5 57
Program Workspace < ™Y i cpp
= & My Programs #2
- _: 33
v: led_test DigicalOur myled(FR_4):
= [ mudeo_blink_color_led
.: fiucieo_bink_ied .
= [ Mudeo_blink_led_o42  pwled =
+] main.cop »
) mbed myled = 0
* [ mudeo_display_tme
] rucleo_examgle_program
*® [ nudeo_printf
> _-: Mudeo_pwm2
= [ Mucdeo_read_button
Compile output for program: Nucheo_blink_led_042 virbose Errorm 0 War imgs: O Infoe 0
Desergtion Error Number  Resource In Folder Lacation
Compale Outpt Find Results Not:ficabions g b
Ready. s || %




Prvni program, blikani LED

#include "mbed.h" // hlavifka programu - Fika, Ze pouZijeme
mbed

DigitalOut myled(LED1l); // definice,kde se LED rozsviti

int main() { // hlavni funkce programu; musi vidy existovat
while (1) { // nekonefnad smyfka;bude se stale blikat

myled = 1; // zapni LED
wait ( ); // potkej 200 milisekund
myled = 0; // zhasni LED

wait ( ); // 1 sec

}

Jaké jsou nazvy pinad ? LED1- nazev pouze pro platny pro desku Nucleo. U
nas, nazvy pinu procesoru PA_4, . ....
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Piny a jejich oznaceni v mbed

« Samotny mikrokontrolér definuje vstup/vyst. piny PA_0. PA_1,.. ...
* Kity Nucleo maji Arduino headery znacené D_0-x

 mbed zavadi své oznaceni pinti, digitalni Dx, analogové Ax, periferie
(napr.PWM3/2), nebo definice tlacitek (user button) a LED (LED1)

ETC 2018 1

’I e

ife.augmented =t “_1— s Eﬁ'
1] '

e
UARTZ_TX |'

ADC1/7 UINEYPEN SPI1_MOSI

ADC1/6

{varm2_rx ]
)
PALTY [D10/| cana_ro |[USELDM pwwmi/a | [IBGISCL oo
PB5 || D11 PWM3/2
o — e

PB_1
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Piny a jejich oznaceni pro STM32F042F6P6

Doporuceni - pouzivat oznaceni podle vyrobce procesoru, ted PA 4, ...

PB8-BOOTO ] * 20
PF0-OSC_IN — 2 19
PF1-0SC_OUT — 3 18
NRST — 4 17

VDDA T 5 16

PAO C—1 6 15

PA1 ] 7 14

PA2 ] 8 13

PA3 ] 9 12

PA4 C—]10 11

1 PA14

1 PA13

1 PA10 [PA12]
1 PA9 [PA11]
— 1 VDD
—1VSS

1 PB1

1 PA7

— 1 PA6

1 PAS
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Nahrani preloZzeného programu do kitu Nucleo

SStahnout” soubor xxx.bin

Preklad programu na mbed , Compile*

« Nahrat (kopirovat) primo do kitu NUCLEO - jako do paméti Flash.

Pro samotny procesor
STM32F042F6P6 je ponékud
slozitéjsi postup.

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha

-

Ctevirdni Nucleo_blink_led__Sstejne. NUCLEC_F042K6.bin

Otevirate soubor:

|| Nucleo_blink_led__5stejne.NUCLEQ_F042K6.bin
coZ je: Binary File (15,7 KE)

z https://ide.mbed.com

Co ma Firefox udélat s timto souborem?

Otevfit pomoci | Prochazet... |

@ UloZit soubaor

Provadét od ted automaticky s podobnymi soubory.

oK

Frugit




Nahrani programu do pameéti FLASH procesoru

Tlacitkem Compile se stahne vygenerovany program
* Prodesku FO - Lab je treba pouzit DfuSe - treba soubor.dfu

Vygenerovani xxx.dfu z xxx.bin pomoci DFU manager (ten se nainstaloval
spolu s DfUSE Demo)

M -
280 DFU File Manager - Want to do (v3.0.5) (5=l Rl .
: I =
Choose pour achion:
@) | want to GENERATE a DFLU file fram 519, HEX or BIM files
(70 | want to EXTRACT 519, HE ar BIM files from a DFU one.

& Multi Bin injection...(v3.0.

File: D:4FiliphStageng soubonhFO42K6_USEBDevice_examph

Address 0« 08000000 3 Add ta list ¥ |
0x0G000000-0x08005F 18 D-AFiliphStadené souborFO42KE_LISEDevi CSEEATE

[ Delete zelected Inmage ]

] [Gerewes]| [ concel |

| 3

19



Nahrani programu pomoci DfuSE Demo

i e . Il
Srren I ==
Available DFU Devices 4
. 5TH Device in DFL Mods I - |I Application Mode; DFU Mode:
. . Yendar 1D: Yendor ID: 0483
Supports Upload t anifestation talerant
Supports Download Accelerated Upload [ST]  Procuct 1D: Procuct [D: DF11
CanDetach Wersion: YWersion: 2200
Enter DFUJ mode/HID detach [ Leave DFU mode ]
Actions

Select Target(s) Targetld  Mame Available Sectors [Double Click for more)

a0 Internal Flazh 32 zectors...
m Option Bytes 1 zectorz...

Upload Action Uparade or Yerify Action
Al File:
endor 1D: Targets in file:

Upload Frocuct 1D:

Transfered data size

0 EB[0 Eytes] of O KE[Q Bytes]

Yersion:

[T]erity after download

[] Optimize: Upgrade duration [Femove some FFs)
Operation duration

moom Vet
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Nahravani programu do FO - Lab pomoci Nucleo 64

Alterantivni zpusob nahravani s vyuzitim kteréhokoliv kitu Nucleo 64

Odpojit vytazenim ,jumpert“ zabudovany procesor a pomoci vodici
napojit na desku FO - lab na piny ¢. 19 a ¢. 20 (rozhrani SWD).

Nahrani bindrniho souboru pouhym nakopirovanim pres USB

MozZnost vyuziti zabudovaného

prevodniku UART - USB.

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha
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DRUHY PROGRAM

»,Lampicka“ s LED - tlacitko rozsviti LEDku
* Maly demo Kit nema vlastni tlacitko

* Pro desku pouze definujeme kde je tlaCitko a LED umisténa

STM32 Nucleo
open development platform

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha
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DRUHY PROGRAM

#include "mbed.h"
//uréeni kde je tlacditko
DigitalIn mybutton (USER_BUTTON) ; //L053

//DigitalIn mybutton(PB 1); //F042

DigitalOut myled(PA 5); //umisténi LED

int main () { //hlavni funkce

while (1) { / / smycka
if (mybutton == 0) { //podminka zda bylo stisknuto tlaéitko
//0 - ANO, 1 - NE

myled = 'myled; // pokud ano, tak zapni/vypni LED
wait( ) ; // 200ms pro eliminaci dvojkliku

Oznaceni pinu ( napr. PA_4 je na pinu ¢. 10) dle dokumentace procesoru a
schématu FO - Lab

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha
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Jak dale - textova komunikace

* V mbed na demo kitu Ize také snadno komunikovat pomoci
terminalu - ,povidani s mikrokontrolérem®, pripadné jeho rizeni
pomoci PC, komunikac¢ni kanal UART

* Prodesku FO - Lab potrebujeme externi prevodnik ,UART ->
USB“ prevodnik ( cca 90 K¢ v GME)

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha
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Komunikace pro ladéni

Pti pouZiti mbed neni k dispozici ,ladéni“ programu - debugging

MoZné zpusoby:

« Vyuzit textové vypisy pri prichodu néjakou ¢asti programu

* Vyuzit blikani LED - bliknout nékolikrat, nebo pouzit PWM pro
nastaveni jasu, prip. vyuzit nékolik signalizacnich LED

« PWNM signalizace pomoci sluchatka (rtizné tény)

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha
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Kam dale

* Mnoho dalsich funkci - PWM, casovace, AD a DA prevodniky
« Jak zacit

* Pouzit predlohy na jednoduché programy a zkousSet

modifikovat

* Dale samotna mbed komunita vytvari mnoho programu

* Nucleo a jeho extension boardy - napr. Bluetooth, P-nucleo

* Internet je plny tutorialt
* Pro pokrocilé funkce i programatory

¢ STM Cube MX

* Dalsi moznost - zapsat si predméety B3B38VSY - Vestavné
systémy(5. semestr)

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha
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ADC/DAC

ADC -Analogové digitalni prevodnik
* Pfevod analogového signalu na
digitalni

* Priklad: voltmetr, mikrofon,
zaznam signalu

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha

Digitalné analogovy prevodnik DAC
(opak ADC)

* Priklad: vystup prehravace, tvorba
signalu ( STM32F042 nema DAC)

¥ ¥ ¥ t [ ] . ¥ ¥ 1 i X ¥
t £ X ¥ ' t £ L] ) [ £ ¥
r t t [ ¥ v ¥ ¥ ¥ t t
b 1 * [ ] ! ¥ H 3
E [ 3 ¥ | 4 1] E H E
3 X [ ] i [ ¥ ] '
r [ t ¥ [ ' £ £ 3
¥ ¥ ] ' t

] 3 [ [ i -q‘! ;

¥ ¥ £ x X ' ¥

t [ t t ' [ oesases, S ]
¥ 3 ¢ [ £ ¥ ¥ L] ' [ 5 4
¥ X ¥ ] E ¥ ¥ ¥ i B 3 ¥
] [ [ [ £ H ' ¥ ' ¥ ] 3
X ¥ [ t £ ¥ ¥ [ ' [ ] ¥
% ¥ ¥ ' ¢ ] ' * i ¥ ] 3
| | ¥ E ] ] ¥ ] ¥ [ ] ¥ ]
¥ 3 r b 4 £ ;1 F 3 2 1 3 I3
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AD/DAC

* Pro ADC - AnalogIn nazev(pin)

 Cteni hodnoty promenna =
nazev.read()

« Hodnotaje vrozmezi0 az 1,
procentualné mezi 0 a
maximalnim napétim - 3.3V

* Realné napéti se spocita jako
promenna * 3.3

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha

Pro DAC - AnalogOut
nazev(pin)

Zapis hodnoty
nazev.write(hodnota)
Hodnota je také v rozmezi 0-
1, tj. kolik procent max
napéti bude na vystupu
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TIMER - PWM

Pulzné sirkova modulace PWM

» Signal nabyva hodnot
log0/log1

* Pomér stavu
zapnuto/vypnuto je strida

- Cas prenosu jedné stridy je 0%

perioda
* Priklad: LED osvétleni, DC

motory, topeni, rizeni polohy -
servo motor, atd.

25%

100%
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KAM DALE
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Dalsi moznosti

Pro levné ,embedded aplikace” je mozno vyuZit i levnéjsi
procesory rady STM 32

Napf. STM32F030F4P6

ETC 2018 11 27, kat. méfeni, CVUT, FEL, Praha
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