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Uvod — co je MBED

* Programovaci prostredi pro ARM kity

Pristupné online
* Nutnost pripojeni k internetu
* Bez instalace softwaru

Pro vétsSinu kitu stejny program, minimalni odliSnosti

* Moznost vyuziti jiz pripravenych programdu, knihoven
,Proc délat néco, co uz nékdo udélal pred nami?“

Jazyk C++
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arm mBebD

VycCet podporovanych kit

* https://os.mbed.com/platforms/
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Seeeduino-Arch

* Cortex-MO, 48MHz
* 32KBFlash, 8KB RAM

mbed LPC11U24

* Cortex-MO, 48MHz
* 32KBFlash, 8KB RAM

mbed LPC1768

* Cortex-M3, 96MHz
* 512KB Flash, 32KB RAM

labs

arm

Enabled

elektor

CoCo-ri-Co!

FRDM-KL25Z

¢ Cortex-MO+
* 128KB Flash, 16KB RAM
* USBOTG
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NXP LPC800-MAX

e Cortex-MO+ X
* 16KB Flash. 4KB RAM

Bi-color LED ring
* Rotary encoder
* Buzzer
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https://os.mbed.com/platforms/

Jednoducha ukazka STM32F303

#include "mbed.h"

DigitalOut myOut(PA 5); // inicializace vystupu

main() {

(1) { // nekonecna smycka
myOut = 1; // zapnuti pinu
wait(0.2); // cekame 200 ms
myOut = 0; // Vypnuti pinu
wait(1.0) ; // cekani 1 s

}

y 4 x
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Jednoducha ukazka BBC micro:bit

#include "mbed.h"

DigitalOut myOut (PO) ; // inicializace vystupu

main() {

(1) { // nekonecna smycka
myOut = 1; // zapnuti pinu
wait(0.2); // cekame 200 ms
myOut = O; // Vypnuti pinu
wait(1.0); // cekani 1 s

}
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Odlisnosti u ruznych kitd

1. DigitalOut myOut (P0O); //BBC
2. DigitalOut myOut (PA 5); //STM32F303

* Pojmenovani pinl -> PINOUT

ANALOG IN D[]

PA_S D13 LED1
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Pinout STM32F303 Nucleo

PBE_8 | D15 | CAN1_RD  EEEREHE, PWMW16/1 12C1_SCL

PRI [Bia! cani_T0 ECEEEEA! panii7h | DIECTESDAR"

CN6

¥
GND D
M PAS || D13 LED1 SPI1_SCLK H AnalogOut { Analogin
PAE | D12 [SPI1_MISO HE:THTE]
PA_7 || D11 PWM171
)
PB_E || D10 PAMIGAN | FI2CTISCE :
PC_7| D9 PVWM372
m [PAS || D8 Pam12 | HIZC3ESEE '
GND
ca_scL 1l
PB_10 D6 Serial3_TX I
AD ;[ PAD PB4 | D5 N VEETA M SPI3_MISO |
Al PA_1 PB.5 || D4 EERTEEN, pwii7h | NIZCSISDA I
Analogowt H SPI3_SSEL W) ipB3 D3 PAWMB/N m'
PRSP _MiSO W Serialt RX I I I
PA2 | D1 P15 I‘
| A5 | PCOT] PA3 || DO PAM1572 ”
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Pinout STM32F303 Nucleo

NUCLEO-F303RE PC_10 SPI3_SCLK W Seriald_TX HEZRUCALY LGP0 Seriald_RX {SPI3_MISO } | PC_11 |
(Ctr:; Eiﬁ?f eR) PC_12 SPI3_MOSI W Serial5_TX HEZRIGEN Serials_RX | PD2 |
VDD
—iEEE
NE NC - 1
e
PAMIGHN
[ PA_14 | [2C1_SDA PAMS/2 3v3
PA_15 PSP SseL H Seria_rx MR Gk rCNG
[ GND_ | GND_|
12C1_SDA PAMIZHN . GND |
[ PC13 USER.BU. | prwmiAN vin 8
PF_O Il T SPi2_SSEL PVM1 /3N DN VIERIIH_ Analogin A1 EPATE|
EET—{ZEmHsr2_Scik ]} NP Analogin_}{SPI3_SSEL H Analogout HEZIHL 2o
o, RGNS
m Analogin PVWM1/3 PVWIM1/2 Analogin
[ PC3 | Analogin  HECI T p— - I  Analogin as 4 PCO |
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Pinout STM32F303 Nucleo

NUCLEO-F303RE

CN10 HEADER ) PAM3/4 | [I2C3ISDA PAM3/3 | PC8 |
p ngh: pine PEIEN 1515 ¢ RD1 PANMIGH | NIZCTESCE PAM3/ | PC6 |
PBISN /D147, CAN1_TD TR H . Seriall_RX
‘ sy
| oND NG
_SCLK’H AnalogOut § Analogin PVWM16/H CAN1_TD I o S
CN5+ PAE || D12 [ SPH_MISO HE=AN TR pania | EZFEIEEN, CAN1_RD "PA_11
PA_7 || D11 [SPi1_MOSI HEE ks {SPi2_SSEL }
PB_& || D10 PAMIGHN | BIZCTESCE Seriald_RX
PAM3P2 GND

& PA_S D8 Seriall _TX PVAM1 /2 12C2_SCL Analogin

| PB_2

g Pas ! p7 PAMIA | DI2C3ISCE PV 13N

PE_10 /| D6 Serial3_TX 0TI 28H SPI2_MOSI

PB4 || D5 PV 611 NN VT SPI2_MISO

PB_14

PB.S || D4 EZENIEER, pam17h | HI2C3ESDA PAMIAN | PG

CNOH

PB_13

PB_3 D3 SPI3_SCLK HE I Serial2_TX

AGND

2o L R e O SPI2 MISO HIETT T A Analogin

Seriall _TX

PA_2 [} Serial2_TX HE=ATIE Analogin ey

M

@ PA3 | DO 20008 Analogin ¥
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Pinout BBC

1.12.2017

micro:bit

® Reserved: accessibility
BUTTON B e

o Libcois Il
LED Col 7

Pl LED Col 8
ESICR RN § LED Col 9
- L

I
l BUTTON A

s gy (I
-ANALOG IN

LED Col 1
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Funkce kitu - Digital OUT, IN

* Vystup
* Nastaveni pinu do stavu (1 nebo 0)
* Fyzicky nastaveni napéti na pinu (OV nebo 3,3V)
* Nékteré procesory (OV nebo 5V)

* Vstup
* Cteni stavu na pinu (0 nebo 1)

* V programu:
* DigitalOut myOutput (PA 5) ;
* DigitallIn myInput(PA 5);

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele
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Funkce kitu - PWM _ -

e Generovani digitalniho signalu
e Nastavujeme stridu, frekvenci

* Pouziti: 1 o
* Proménna intenzita svitici LED
e Reproduktory
* Rizeni rychlosti motoru

e Stfida =t1/(t1+t2)
* Frekvence = 1/(t1+t2)

* V programu:
* PwmOut oznaceni (PC _5) ;

* Pin musi funkci podporovat

1.12.2017 Vyukova laboratorni sestava - seminaf pro uditele 12




Funkce kitd — Analog OUT, IN

* Vystup
* Nastaveni libovolného napéti na pinu
* 0Vaz3,3V(5V)desetinnym CislemO0az1l
* Vstup
« Cteni stavu na pinu (0 aZ 1)
* Priklady: Voltmetr, generator sinusového signalu...
* V programu:
* AnalogOut myOutput (PA 5);
* AnalogIn myInput(PA 5);

* Pin musi funkci podporovat g=m [naiogs TN

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele 13




Funkce kitu — Sériova komunikace

Moznost primé komunikace a obsluhy z pocitace
* Pouziti aplikace pro terminal

Standardy: UART, SPI, 12C...
Dva piny: prijimaci (RX), vysilaci (TX)

Pin musi funkci podporovat  [gc v o

psftp: no hostn speci ied; use "open host.name o0 connec
p 192 168 91.150
oot

Senm3=TX

Senm2=RX

Vyukova laboratorn|



Funkce prostredi

* Procedurdlni programovani (C++)
* Rozvedeme v pozdeéjsi casti prezentace

* Funkce realného Casu
* Wait (Cekani)
* Program cCeka po dany cCas
* Timer (stopky)
* Program meéri cas do udalosti
* Ticker (budik)
* Program provede akci v dany cas
* Detailnéjsi popis na os.mbed.com

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele
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https://os.mbed.com/users/aung/notebook/ticker-timer-timeout/

Registrace noveho uzivatele - navod

e http://www.developer.mbed.or

G rm M BED Mbed O5 Mbed Cloud Partner Portal Search...

OSHome Hardware* Code Documentation* Questions Forum Log In/Signup

Arm Mbed OS developer

sife

Mbed OS 5

Mbed simplifies and speeds up the creation
and deployment of loT devices based on Arm



http://www.developer.mbed.org/

armmBepb Mbed ©S  MbedCloud  Partner Portal Search... Q

OSHome Hardwarev Code Documentation™ Questions Forum m Log In/Signup

Login or Signup

Login Signup

Username:

|'ve forgotten my username a I m
Password:

|'ve forgotten my password M B E D

[ Remember me

© Mbed | blog | we're hiring! | support | service status | privacy policy | terms and conditions

1.12.2017 Vyukova laboratorni sestava - seminar pro ucitele 17
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arm mBeeb

OSHome Hardwarew

Create an os.mbad.com account

Signup

Enter your email address:

| already have an account!

Choose a username:

Choose a password:

Confirm your password:

First name:

Last name:

Country:

Aruba

Areyou human? ;

Nejsem robot

Mbed OS Mbed Cloud Partner Portal Search... Q

Code

Documentationw Questions Forum Log In/Signup

Summary

You are about to...

&+ Create an Mbed user account

An account will be set up for you, giving yvou access to the Mbed
website and resources.

™

reCAPTCHA

[ 1 agree to Arm's Terms and Conditions of Use. (required)

Arm will process yvour information in accordance with the
Account Registration section of our Privacy Policy.

[ By ticking this box you indicate vour consent to receiving
marketing communications from Arm in accordance with our

Privacy Policy. Please visit our Subscription Center to manage . )
your marketing preferences or unsubscribe h’:!/M'?QM%é@boratoml sestava - seminar pro ucitele

communications.
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armmiBeD Mbed OS5  Mbed Cloud Partner Portal

0OSHome Hardwarew Code Documentation* Questions Forum “ kuraselw

Arm Mbed OS developer site

Mbed OS 5

Mbed simplifies and speeds up the creation and
deployment of loT devices based on Arm
microcontrollers.

The project is being developed by Arm, its Pariners
and the contributions of the global Arm Mbed
Developer Community.

Get started » Latestrelease »

326, 1 5 8 compilations in the last 7 days

O [Mlpgis to Mbed: To register a boarc. RiRaGa il dmrtaia TsEmmar prs Gétaia - - T




Workspace Management

t‘hlew w E|Imp-::rt | k] Save [ Save Al | =) Comgpile " | ® Commit + (¢ Revision | K7 | &y | | L% | [L] Help
Program Workspace L4 Workspace Management Workspace Details
|67 My Programs . Manage your Program Workspace
kurasel
Listing all pregrams in your Pregram Workspace Total Programs 0
Modified
T [fypetofiterthei.. | [ MatchCase (] Whole Ward 4 Find ' /a
[ | Name N | Tags | Madified | Description e
Your Program Waorkspace is empty. You can import 2 program or create a new one.
£ 4
Ready. | | ms | G| =y |
1.12.2017 Vyukova laboratorni sestava - seminar pro ucitele 20




Select a Platform

You haven't selected any platform yet

Pick one from the list below and dlick the "Salect Platform”® button to salect it.

Descripbion

A

1.12.2017 Vyukova laboratorni sestava - seminar pro ucitele 21



a rm MBED Mbed OS Mbed Cloud Partner Portal Search...

OSHome Hardwarew Code Documentationw Questions Forum

& l kuraselw

Boards

Filter

Mbed Enabled

Boards

[Z) Mbed Enabled D N

Mbed OS support

L) Mbed OS 2

) Mbed OS 5.4
() Mbed OS 5.5
L) Mbed OS 5.6

Target vendor

) ARM mbed LPC1768 mbed LPC11U24

) Avnet Silica o Cortex-M3,96MHz o Cortex-M0, 48MHz
[ Maxim Integrated e 512KBFlash, 32KB RAM e 32KBFlash, 8KB RAM

(2 Nordic Semiconductor ASA
J Nuvoton

2 NXP Semiconductors N oo N
[l Realtek
[l Renesas

L Silicon Labs

[} STMicroelectronics
[Z! Toshiba

L WiZnet

Platform vendor

£ ARM Seeeduino-Arch FRDM-KL25Z

) Avnet Silica o Cortex-MO, 48MHz o Cortex-M0O+

o o ot « 32KBFlash BKBRAM | __s 128KBFlash, 16KBRAM
1.1 BBG fyfee it Digital § V\?ukaéva (Sboratorni sestava - semind pro ueélfte[?g; oTC

Campaign

Il reammitinttvenntribiiitare
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a rm wvBEgepD Mbed OS5 Mbed Cloud Partner Portal Search.. Q

OS5Home Hardwarew Code Documentation* Questions Forum “ kurasel«

Boards » BBEC micro:bit

o compile a program
B B C . . b . t for this board using
mlcro- | Mbed CLI, use
nrf51_microbit as the
The BEC micro:bit is a pocket-sized, codable computer that allows anyone to get creative with target name.

technology. Made possible through a major partnership with 31 organisations, a micro:bit has been given
to every 11 or 12 yvear old child in vear 7 or equivalent across the UK, for free.

Board Partner

BaE
MAKE IT

BBC

The BBC are co-ordinating

The official website for the BEBC micro:bit is http:/fwww.microbit.co.ulk.

©® Table of Contents

If yvou're keen to try using the micro:bit with mbed, then start with this 1. Pinout 0 ot -
platform page to add it to your compiler {on the right hand side), then 2 micro:bit Device e
check out the activity on the microchit team page. Abstraction Layer
If vou're new to mbed, there's a video showing vour first example here (DAL) 1;

3. Getting Started Video Silicon Partner
The BBC micro:bit is based on the mbed HDK. The target MCU is a 4. Features
Nordic nRE51822 with 16K RAM, 256K Flash. As well as the nRF51822 5. mbed Libraries NORD“’:
there's also an onboard accelerometer and magnetometer from 6. Firmware ' SEMICONDUCTOR

Freededid, 2017 Vyukova laboratorni sestava - Semindiprotutitele bility 23



J. T OlpiLdvalgoiniy

Pinout Nordic
Semiconductor

Nordic Semiconductoris a
fabless semiconductor company
specializing in ultra low-power
wireless SoCs and connectivity
devices for the 2.4 GHz ISM
band, with ultra-low power
performance and cost being the

main focus areas

P Reserved: accossibilty
L
ol Li0Cals Mo

© Add to your Mbed Compiler

™ Buy Now

A roem

Mbed Enabled
Mbed OS 2

micro:bit Device Abstraction Layer (DAL)

1.12.2017 Vyukova laboratorni sestava - seminaF pro ucitele 24



Select a Platform

You haven't selected any platform yet

Pick one from the list below and dick the "Select Platform” button to select it

Descripbion

NYA

1.12.

2017

Vyukova laboratorni sestava - seminar pro ucitele
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Prace s kompilatorem

/303_Ticker/main.cpp

ENEW'V 7 Import Save Save A Compile ~ | % Commit v (& Revision | &3 cu | d&h & N, | [l Help VOIba kithCLEO-FSDSRE &4

Program Workspace * T||:ker x | B blik.cpp x | B'I'lckerSDS.cpp x B main.cpp X
E| My Programs k2 - Toggle the blinking led after 5 aeconds ”~
= [F 303_Blink .. . .
B blik.cpp #include "mked.h
@ Ticker303.cpp Ticker timer;
B (25 mbed ¢ DigitalOut l=dl (P2 _0):
553_‘“*&’ 7 DigitalOut led2(PC_0); , ,
main.cpp g —
) e Hlavni okno — kod programu
B Classes 10

vold attime() |
flip = !flip;

[ analante =

Projekty .

BusQut 1 timer.attach{sattime, 5,1:'
CAMMessage 1 while{l) {

CAN 18 iF(flip == 0} |

Crhunk 19 ledl = !ledl;

!

1 & LA

Callback 2l } else | v
CircularBuffer
CriticalSectionLock
DeepSlesplock Compile output for program: 303_Ticker || verbose Errars: 0 Warnings: 0 Infos: 1
DigitallnOut
Digitalln
DigitalQut = Success! Build Details
DirHandle

Ethernet

FileHandle V ’ H d 4 I t'
FilaSystemHandle yp I Sy u a OS I
FileSystemLike

Flashlap

12C5lave < = 2
e v Compile Qutput | Find Results | Notifications A4

Description Error Number | Resource In Folder Location

6 s s s )

Ready) 2017 Viyukova laboratorni sestava - seminaf proliékele col30 | 25 | INS ] 26




Prace s kompilatorem

* Hotovy program:

1.
2.

3.

4.
5.

1.12. 2017

Kompilovat

Soubor se prelozi do .bin

a stahne se

Pres USB kopirovat do kitu
jako na flash disk

Program se sam nahraje
Program bézi ©

Vyukova laboratorni sestava - s

m

‘D MNew v Import

Program Workspace

E| My Programs
B [ 303_slink
EI blik.cpp
B Ticker303.cpp
3 mbed
B[] 303_Ticker
main.cpp
E {23 mbed
Bl D classes
AnalogIn
AnalogOut
BusInOut
BusIn
BusCut
CANMessage
CAM
CThunk
Callback
CircularBuffer
CriticalSectionLock
DeepSlesplock
DigitallnOut
Digitalln
Digitalout
DirHandle
Ethernet
FileHandle
FilaSystemHandle
FileSystemLike
FlashIap
12CSlave
12C

b VAT pro uditele

f303_Ticker

] compile v | % Commit v (%} Revision

< 'I'|cker X ‘Bblik.cpp X |Bﬂcke503.cpp X
2 f/ Toggle the blinking led after
#include bed
Ticker timer;
DigitalOut ledl(FE 0):
DigitalCut led2({FC _0);
int flip = 0;
volid attime() {
flip = !'flip;
}
int main() {
16 timer.attach{sattime, .':J:l
while({l) |
if{flip == 0} |
ledl = !ledl;
1 else |
Compile output for program: 303 _Ticker
Description
= Success!
<
v Compile Qutput ‘ Find Results | Motifications

27




Zaklady programovani

e Vykonavani programu
* Od zacatku funkce main () {}
* Deklarace proménnych pred main — globalni, v blocich —
lokalni
* Proménné
* Celd disla
* Inicializace: int x;
e Zapis: x = 15;
* Desetinna — £loat nebo double

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele 28



Zaklady programovani

* Smycky
* while (podminka) {kéd;}
* kod se vykonava pokud je splnéna podminka
* for (vstupni prikaz;podminka;pfikaz na
konci kazdé smycky) {kéd;}
* Pouzivana pro cyklus o daném poctu opakovani
* Podminky
* if (podminkal) {kéd p¥i splnénil; }else
if (podminka2) {kéd pri
splnéni2; }else{kdéd pri nesplnéni;}
» Cekaci funkce
* wait(c¢as v sek.)
* udani casu desetinnym cislem

yukova ratdrni sestava - seminar pro ucitele 29
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Digitalni vystupy, vstupy

* Vlystupy
 Trida DigitalOut
* Inicializace:

* DigitalOut oznaceni (nazev pinu,
vychozi stav);

* Ovladani:

* oznaceni = 1; nebooznaceni = 0;
e Cteni vystupu:

* promenna = oznaceni;

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele
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Digitalni vystupy, vstupy

* \stupy
* Trida Digitalln
* |nicializace:
* DigitalIn oznaceni (nazev pinu,

(méd) ) ;
* mod — volitelny PullUp, PullDown, PullNone,
OpenDrain
e Cteni:
* Promenna = oznaceni;

e Tlacitka aktivni v O!!!

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele
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Priklad 1. — ovladani Digitalniho
vystupu (pinu) STM32F303 Nucleo

* Inicializace vystupu:
* DigitalOut myOut (PA 5);
* Na Pinu PA_5 je shodou okolnosti LED dioda
 stav pinu tedy vidime diky diodé pfimo na kitu
* V nekonecné smycce:
myOut = 1; // aktivuje pin
wait(0.2); // cekéni, pin aktivni

myOut = 0; // deaktivace pinu
wait(1.0); // cekani

1.12.2017 Vyukova laboratorni sestava - seminar pro ucitele 32



Priklad 2. — blikani BBC micro:bit

* Inicializace 2 vystupu
* Matice 5x5 LED je rizena aktivaci radku a sloupce

LEDs - 9 X 3

*******

-

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

BBC micro:bit
BC micro:bit V1.3B

2016/12/9 14:26:31

SHEET 1 of 6

1.12.2017 Vyukova laboratorni sestava - seminar pro ucitele




Priklad 2. — blikani BBC micro:bit

DigitalOut slupecO (PO 4, 1);
DigitalOut radekO (PO 13, 1);

int main() {

while (1) {
slupecO = 0O;
LED
wait (0.2);
slupecO = 1;
wait (0.5) ;
}

}

1.12.2017 Vyukova laboratorni sestava - seminaf pro u

//Rozsviceni

//200 ms
//zhasnuti LED
//500ms
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Priklad 3. — Digitalni vstup
STM32F303 Nucleo

* Inicializace:
* DigitalIn mybutton (PC _13);
 PC_13 odpovida user tlacitku | PC13
e Stisknuté tlacitko odpovida: mybutton = 0

* Program:
while (1) {
if (mybutton == 0) {
myled = 'myled;
wait (0.2);

1.12. %17 Vyukova laboratorni sestava - seminaf pro ucitele 35



Analogove vystupy

* Analogovy vystup
* Inicializace:
* AnalogOut oznaceni (nazev_pinu);
e Ovladani:
* oznaceni = 0,15;
e Desetinné Cislo0—-1
e Ukazkovy priklad 4 _analog.cpp (trivialni voltmetr pro BBC
micro:bit)

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele
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Analogoveé vstupy

* Analogovy vstup
* |nicializace analogového vstupu:
* AnalogIn oznaceni(nazev_pinu);
» Cteni analogového vstupu:
* oznaceni.read() ;
* nacte desetinnou hodnotu 0-1
* oznaceni.read ulé6();
* nacte celé Cislo 0 — 65535

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele

37



PWM — pulsné sirkova modulace

plm?ni

* Forma digitalniho vystupu

* Misto DigitalOut je PwmOut = | L

* Nastaveni periody a stridy 25

Inicializace: %

* PwmOut oznaceni (pin) ;

* Nastaveni periody:
* oznacenl.period us(period) ;
* Perioda v us

Nastaveni stridy:
* pwm.write (float strida);
* Desetinné Cislo0 -1

1.12.2017 Vyukova laboratorni sestava - seminaf pro ucitele
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Sé riOVé Ii n ka - UART (Ukazkovy program O0_UART_demo.cpp)

Inicializace sériové linky:
* Serial pc (USBTX,USBRX,9600); - nastav
sériovou linku k PC 9600baud
Zapis dat:
* printf (“fromat"“,promenne) - zapiszpravy
Cteni dat”

* scanf (“format", &promenne) - nactenizpravyo
definovaném formatu

Format udavan formatovym retézcem
* %f desetinné Cislo
* %d celé Cislo

%s obecny rfetézec zn

yukova Iaéaratorm sestava - seminar pro ucitele 39
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V4

Zaver - Motivacni priklad pro
STM32F303

* Napiste program, kde LED(PA _5) sviti pouze tehdy, kdyz je
zmacknuté tlacitko(PC_13)

1.12.2017 Vyukova laboratorni sestava - seminar pro ucitele
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