Bezdratove

bezdratové prenosy dat — Bluetooth sériovy port a
vhodné moduly, usporna varianta BLE

jak dostat data do mobilniho telefonu (s Androidem)

ukazka vyvoje aplikace pro zobrazeni dat pomoci
MIT App Inventor — obrazkové programovani

predstaveni koncepce Micro-Bit
infraCervené ovladani
radiove propojeni



Bezdratova komunikace
= = spojeni dvou subjektu jinym zpusobem, nez mechanicky (kabelem)

= dle nosného média - opticky (svetlo), radioveé a sonicky (zvukem —
ultrazvuk u ponorek)

— vzdalenost mezi komunikujicimi body muize byt od nékolika metru (IR infracerveny
ovlada€) do miliénu kilometru (druzice v kosmickém prostoru)

= nyni Siroce pouzivana v oboru mobilnich zarizeni
= mobilni telefony (GSM, GPRS, LTE, ...), globalni druzicové polohoveé

systémy (GPS), televize (DVB-T2), radio (DAB), identifikace RFID,
platby NFC, a jinde

= vzdy se pouziva vineéni urcité frekvence - pokryva spektrum od 9 kHz
do 300 GHz

= podstatna cast spektra je striktné regulovana, existuji ale urcité
oblasti pro v podstaté volné vyuziti
— i zde ale jsou limity pro vysilaci vykon vychazejici z antény

= RF na 433 a 868 kHz, Bluetooth a WiFi kolem 2.4 GHz

= kdo by se dnes chteél tahat s draty ...



Bluetooth (BT)

= je vinformatice otevreny standard pro bezdratovou
komunikaci propojujici dve a vice elektronickych zarizeni
— mobilni telefon, PC nebo bezdratova sluchatka
= vytvoren 1994 firmou Ericsson jako bezdratova nahrada za sériové
dratoveé rozhrani RS-232 — a to bude také hlavni oblast naseho vyuziti

— pracuje v ISM pasmu 2.4 GHz, k prenosu vyuziva metody FHSS, béhem 1s je
provedeno 1600 skoku (preladéni) mezi 79 frekvencemi s rozestupem 1 MHz

— to ma zvysit odolnost spojeni vic€i ruseni na stejné frekvenci
— dle vykonu 1-100 mW lze dosahnout komunikace na 1 (class 3) az 100 m (class 1)
= BT je dostupné v mobilnich telefonech, prenosnych a nékterych
stolnich PC, Ize je dodat prostrednictvim USB-BT adapteéru

— jsou ruzné verze (BT 2+EDR, BT 4.0, aktualné BT 5.0), je to vrstva nabizejici
nékolik komunikaénich protokolu, povinné jsou LMP, L2CAP a SDP

— pro oblast mikrokontrolerti ma hlavni vyznam sériovy RFCOMM protocol,
nahrazujici RS232 prenosy

= BT viditelna zarizeni o sobé predavaji informace - nazev, trida,
seznam sluzeb, technické (funkce, vyrobce, pouzita BT specifikace)

= na pocéatku komunikace muize byt vyzadovano sparovani, na zakladé
PINU (casto to je 0000 nebo 1234)

= existuje i energeticky usporna varianta Bluetooth LE (low energy)




Hlavni BT verze

2.0 + EDR (enhanced data rate) standard z 2004, rozsireni pro
rychlejsi prenos dat az 3 Mbit/s, realne kolem 2.1 Mbit/s

3.0 + High speed — 2009, rychlost prenosu dat az 24 Mbit/s
— BT vyuzito pouze k navazani spojeni a vysokorychlostni prenos se provadi pres
soubézné spojeni 802.11 znamé jako Wi-Fi
4.0 — 2010, zmeénit zpusob fizeni spotieby energie
— pro mala zarizeni, kde dochazi jen k malému prenosu dat — delSi zivotnost baterie.
poprvé se objevuje nazev Bluetooth Low Energy (BLE)

— 4.2 - 2014, zavadi funkcionalitu pro Internet of Things (loT)
5.0 — 2016, pridané vlastnosti zameéreny na loT
— 4-nasobny dosah, 2x vyssi rychlost a 8x vétsi kapacita

5.1 - 2018, zpresnéna indoor navigace, s bluetooth majaky, az na cm

— pridanim angle of arrival (AoA) a angle of departure (AoD) - monitoruji uhel
odchoziho signalu - najdete ztracené klice nebo konkrétni regal v obchodé



BT profily

aby se dvé zarizeni mezi sebou domluvila a vzajemné propojila
(,,sparovani), museji pouzivat bud’ stejné, nebo kompatibilni BT
profily; jinak se propojeni nepodari...

A2DP (advanced audio distribution profile) umoznuje prenos
hudby/zvuku ve stereo kvalité

AVRCP (audio/video remote control) — pro bezdratova sluchatka
— ovladat reprodukci audia na pripojeném zarizeni - hlasitost, posun skladeb, ...

BPP (basic printing) — ke komunikaci s tiskarnou
DID (device ID) — k identifikaci pripojeného zarizeni
HFP (hands-free) urceny pro telefonovani pres hands-free

HDP (health device Profile) — zdravotnicka zarizeni
— HTP health thermometer, HRP heart rate

HID (human interface device) — mysi, klavesnice, joysticky, tlaCitka
SPP (serial port) — nahrada za sériovy prenos dat RS-232 po dratech
SYNCH (synchronisation) — synchronizace €asu, data, kontaktu atd.
VDP (video distribution) — prenos streamovaného videa




BT a Arduino

bézné moduly BT rozhrani neposkytuji, takze se musi pouzi vhodny
adapter, ktery sériovou komunikaci prevadi na bezdratovy BT prenos

= na obou stranach se to tedy jevi jako bézny sériovy prenos
= adaptéru existuje cela rada, SPP mod je od BT 2.0+EDR

— nékteré umoznuji komunikaci na 3.3 i 5 V urovnich, vétSinou ale BT adaptéry
funguji na 3.3 V — u spojeni s 5V Arduinem se tedy musi provést prizptisobeni
urovni, aby nedoslo ke zniéeni BT modulu

= HC- 05 je asi prvm volbou vychozi nastaveni je pin 1234, 9600 Bd

#include <SoftwareSerial.h>
SoftwareSerial BTSerial(9,10); // RX, TX

void setup() {
Serial.begin(9600); Serial.printin("Enter AT commands:");
BTSerial.begin(38400);

}
o7
ko void loop() {
POWER: 3. 6U-6V - if (BTSerial.available()) Serial.write(BTSerial.read());
o e = if (Serial.available()) BTSerial.write(Serial.read());
— }

vymeéna dat mezi porty:



n a d ru h é St ra n é P c 2 PUTTY Configuration

= je-li partnerem PC s BT rozhranim ¢&i e —————
adaptérem, voli se SPP profil < —
* alze pouzit bézny terminalovy program - ”im S j:ec-c-
— dfFive byval Hyperterminal souéasti Windows T W ;
= Putty — univerzalni komunikaéni aplikace = — .
vyuzitelna (mimo jiné) i pfenosiim pres oy
seriové porty — ukazka nastaveni portu - Flogn
— ve Windows jsou sériové porty COM1, .... —
= Mobaxterm — pokrocily, velmi mnoho - : _

protokoll a detailni nastaveni

L4l COM Port [Serial]
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na druhé strané Android
= velmi univerzalni je aplikace Serial Bluetooth Terminal (Google Play)
= umozni najit a pripojit BT zarizeni (standardni i BLE)

— zobrazovani pfijatych dat jako text nebo hex hodnoty jednotlivych
bytd, posilani znakt a textl i pomoci maker, ulozeni dat do souboru

smartphone tak funguje jako data logger

2 ¥4 B 2040 = @ T 942127

Terminal 4% B &  Edit Macro =  Devices scan €2

Name BLUETOOTH CLASSIC BLUETOOTH LE

M1 i
Connecting to HCOS ... BBC micro:bit |
Connected Value | D3:32:4F:38:73:52 (paired)
027320332061 616103 e o
02732034 2062626203 )

7 line2 00:15:83:00:BE:69
02 67 20 33 03 0:15:83:(

Edit mode

0267203403

O 7Text () HEX (@) Multiline Text
Disconnected

g 4




Nastaveni BT

= pro zménu ruznych vilastnosti BT adaptéru se pouzivaji AT prikazy,
pochazejici z dob telefonnich modemu, pri prepnuti do AT-médu
— propoji se s PC pomoci USB-Serial adaptéru (pozor na 3.3 V), rychlost je 38400 Bd
— pin oznaéeny KEY nebo ENABLE se pfipoji na HIGH (3.3 V), LED blika 2xza1s
— alternativné muze byt na modulu tlacitko — podrzi se pred pripojenim napajeni
— posilany text musi kon¢€it znaky CR LF (“\r\n”’, nebo byty 0D 0A), BT modul
odpovida bud’ Ok, nebo Error

= AT pro kontrolu komunikace

= AT+VERSION? verze BT firmware

= AT+ORGL obnoveni vychozich (tovarnich) parametru

= AT+ADDR? adresa BT modulu

= AT+NAME? nazev modulu (HC-05), AT*NAME=jmeno pro nastaveni

= AT+ROLE? 0 slave, 1 master; normalné slave — propojeni inicializuje
druhé zarizeni

= AT+PSWD? password, tj. PIN, defaultni je 1234
= AT+UART? komunikac€ni rychlost

— plus fada dal$ich, u jinych adaptéru se muze liSit — prostudovat manual



BLE

= univerzalni standard pro jednoduchou vymeénu dat mezi zarizenimi
— minimalizace energetickych naroku - nékolik let na mincové baterii

— podpora BLE na kazdém operaénim systému umoznuje vyvoj pro zarizeni od
domacich spotrebicl, bezpecnostnich systémii, senzort po fitness monitory

= pro malé objemy dat a obCasné prenosy
— pf¥i pravidelném rychlém zaznamu dat se energie moc neusetri

W = L a.b &l

velka variabilita

= prenosovy protokol ma dvé ¢asti - GAP (generic access profile) a
GATT (generic attribute profile)

= GAP specifikuje, jak se maji BLE zarizeni chovat pri vyhledavani
ostatnich zarizeni, odesilani dat, navazovani bezpec¢ného spojeni,
apod. role zarizeni:

= 1) vysilani - netreba explicitné vytvaret spojeni pro prenos dat
— broadcaster zafizeni odesila verejné advertising pakety
— observer prijima data, které odeslal broadcaster.



2) pripojeni - zafizeni musi explicitné vytvaret spojeni pro vymeénu dat
— tyto role jsou vice bézné vyuzivany nez vysilaci role

peripheral odpovida slave zarizenim, pouziva advertising pakety,
umoznujici centralnim zarizenim je nalézt a nasledné navazat spojeni
— po uspésném pripojeni se pakety prestavaji posilat a zarizeni zustava pripojené
k centralnimu zafrizeni, které prijalo jeho zadost

— vétsSinou se jedna o zafizeni s nizkou spotrebou energie, které odesila data nebo
signal, ze je stale aktivni

central odpovida master zarizenim, jsou iniciatorem a spravci spojeni
— pfrijimaji advertising pakety vysilané peripheral zafizenimi
— v jeden okamzik mulzu pripojit nékolik peripheral zafrizeni
— udrzeni vice spojeni je naro¢né na vypocetni vykon - notebooky, smartphony

PERIPHERAL PERIPHERAL
DEVICE DEVICE

PERIPHERAL <> CENTRAL «—> PERIPHERAL
DEVICE DEVICE DEVICE




Advertising a skener

= BLE ma pouze jeden format a dva typy paketu - advertising a data

— advertising pakety slouzi k 1) posilani dat pro aplikace, které nepotrebuji
navazovat spojeni (broadcaster / observer)

— 2) nalezeni peripheral (slave) zafizeni a pripojeni k nim

— advertising paket maze obsahovat az 31 byt( advertising dat, spole¢né se
zakladni hlavickou s adresou zarizeni

— pakety jsou odesilany v pravidelném advertising intervalu - od 20 ms do 10.24 s,
¢im kratsi je interval, tim vySSi je Sance na zachyceni paketu centralnim
zafizenim, protoze pakety jsou vysilany ¢astéji - vyssSi spotrebu energie

— nejsou synchronizovany takze advertising paket je zachycen skenerem pouze
v pripadé, ze zrovna nasloucha

— skenovani mize byt aktivni nebo pasivni
ADVERTISING INTERVAL  ADVERTISING INTERVAL  ADVERTISING INTERVAL

ADVERTISER [€ < pit >
ADVERTISING ADVERTISING ADVERTISING
DATA DATA DATA
Passive Scanning l | l | l
[ I
[ |
SCANNER ' :
ADVERTISING INTERVAL ADVERTISING INTERVAL
ADVERTISER }< »
ADVERTISING SCAN ADVERTISING SCAN l
DATA RESPONSE DATA RESPONSE | 1
. ; I DATA | DATA |
Active Scanning : l + | l + :
; SCAN ! SCAN I
SCANNER ! REQUEST ! REQUEST !




Broadcasting a observing

= vytvorenim broadcaster zarizeni Ize jednoduse vysilat data - muze je
prijimat libovolny pocet zarizeni - mezi sebou nenavazuji spojeni
— broadcasting je vSesmeérové vysilani, Ize dosahnout vyhradné jen s pomoci
advertising dat
= observer aktivné vyhledava tyto pakety a prijima je
— Vv pripadé, ze by se observer pripojil na broadcastové zafizeni, odesilani
advertising paketu se zastavi a broadcaster prestane vysilat data

— tato situace nastane z diivodu vyhradniho spojeni se slave zafizenim

OBSERVER OBSERVER
DEVICE DEVICE
OBSERVER BLE OBSERVER
DEVICE < |BROADCASTER > DEVICE




GATT reprezentace dat - jak si je dve BLE zarizeni budou
vymeénovat pomoci sluzeb (service) a charakteristik

= vyuziva attribute protocol, popisujici strukturu ulozenych sluzeb a
charakteristik — uklada to do vyhledavaci tabulky

— GAP a GATT role jsou na sobé nezavislé, tedy peripheral nebo centralni zafrizeni
muze byt klient nebo server — dle sméru toku dat

= role zarizeni:

= client - centralni zarizeni, které posila pozadavky na server a prijima
od néj odpovedi
— pripojeni na server je definované jako vyhradni, proto server mtize byt souc¢asné
pripojeny jen k jednomu clientovi

— client musi nejprve provést vyhledani sluzeb (service) poskytovanych serverem,
aby mohl ¢Cist, zapisovat nebo pfrijimat aktualizace o zméné hodnoty

= server - periferni zarizeni, které obsahuje attribute protocol,
umoznujici zpristupnéni dat klientovi
— pfrijima pozadavky od klienta a posila zpét pozadovana data
— posila klientovi echo o tom, ze doslo ke zméné dat na serveru
= kazdé BLE zarizeni musi obsahovat alespon zakladni server
— atoiv pripadé, ze bude vracet chybnou odpoveéd



Profily, sluzby a charakteristiky

BLE technologie ma seznam predem definovanych sluzeb
— kazda sluzba je schvalena organizaci Bluetooth SIG1

profil je rozdélen sluzbami (service) na logické €asti, kde kazda
sluzba je predem popsana use case diagramem a rolemi

— lze tak vyvijet aplikaci vyuzivaji konkrétni sluzbu a bude zajisténo, ze aplikace
bude fungovat s jakymkoliv zarizenim naprogramovanym touto sluzbou
— GATT umoznuje také vytvaret viastni sluzby

BLE pouziva pro oznaceni sluzeb charakteristik tzv. UUID
(universally unique identifier), pomoci kterého je Ize identifikovat
— UUID je 128 bitové Cislo zajist'ujici globalni unikatnost
— existuje také zkracena verze z dlivodu
efektivnosti, ktera ma pouze 32 bitu; PROFILE
tento zkraceny format muze byt pouzit
jen pro sluzby definované v BLE specifikaci [—>| SERVICE

services obsahuji charakteristiky, > CHARAKTERISTICS
ktere predstavqjl nejnizsi uroven S CHARAKTERISTICS
GATT transakci
— charakteristika obsahuje dvé zakladni ¢asti, 3 SERVICE
v prvni casti jsou ukladana data a druha >/ CHARAKTERISTICS

nepovinna slouzi pro popis tzv. descriptor

—>| CHARAKTERISTICS




Read / write / notify / indicate

toto jsou moznosti, co muze central zarizeni délat s urcitou
charakteristikou z periferal zarizeni

read: pozada periferni zarizeni o zaslani zpét aktualni hodnoty
charakteristiky

— C€asto se pouziva pro charakteristiky, které se pfriliS éasto nemeéni, napriklad
charakteristiky pouzivané pro konfigurace, Cisla verzi atd.

write: uprava hodnoty charakteristiky
— Casto se pouziva pro prikazy, aby periferie néco vykonala — zapnout / vypnout

indicate a notify: pozadavek na periferii, aby prubézné zasilala
aktualizované hodnoty charakteristiky

— aniz by o to centrala musela neustale zadat
— data ze sensort, stavové informace, apod.



BLE a Arduino ... jednoduse
diky komplikované strukture komunikace se prosazuje pomalu
vyhodné je vyuzit BLE adaptér AT-09 (HM-10, cip CC2540 nebo ..41)

— ten tézi z BLE usporného provozu, ale komunikaci z hlediska uzivatele
zjednodusuje na klasicky sériovy prenos - chova se ,,normalné“ jako HC-05

— fakticky se dle BLE zvyklosti definuje pouze charakteristika UART

jako partner pro komunikaci je treba program, ktery rezim BLE4.0 umi

— v os Android Ize pouzit néktery z programu pro
BLE sériovou konzoli, napf. Serial Bluetooth Terminal

je dostupny i modul |ntegru1|C| AT 09 spolecne\¢ S Y

na desti¢ce jsou
Cipy ATMEGA328P a
CC2540 - je spojen
primo se Serial pres
D0 a D1 piny, tedy to, co se posle Serial.print(data) jde ven pres USB i pre BLE

pri pfijmu nesmi samozrejmé komunikovat oba souc¢asné (nastal by zmatek)
neoficialni nazev tohoto klonu je Keywish BLE-Nano

— nesplést se zcela odliSnym Arduino Nano 33 BLE

— dle BLE standardu nabizi Serial - service FFEOQ, characteristics FFE1 read, write i
notify vSe v jednom

.

Power:3.6V—6V

JDY- Dsﬂﬂﬁﬁ




demo pro AT-09

#include <SoftwareSerial.h>
SoftwareSerial mySerial (2, 3); // RX, TX

void setup() {
mySerial .begin(9600) ; Serial.begin (9600) ;
sendCommand ("AT") ; sendCommand ("AT+ROLEO") ; sendCommand ("AT+UUIDOXFFEOQO") ;
sendCommand ("AT+CHAROXFFEl1") ; sendCommand ("AT+NAMEbluino") ;

void sendCommand (const char * command) {
Serial .print ("Command send: "); Serial.println(command) ;
mySerial.println (command) ; delay(100); //wait some time
char reply[100]; int i = 0;
while (mySerial.available()) { reply[i] = mySerial.read(); i+= 1; }
reply[i] = '\0'; //end the string
Serial.print(reply); Serial.println(, Reply end");

void readSerial () {
char reply[50]; int i = 0;
while (mySerial.available()) { reply[i] = mySerial.read(); i+= 1; }
reply[i] = '\0'; //end the string
if(strlen(reply) > 0) { Serial.println(reply); Serial.println("We have read some data"); }

void loop() { readSerial(); delay(500); }




BLE a Arduino
.. plnohodnotne

= original Arduino Nano 33 BLE “f.n' SBE o
= osazeno 1 MB FLASH paméti | &K AT ELN
a vykonnym procesorem nRF52840 (Nordic Semiconductors)
— 32-bit ARM Cortex-M4 CPU taktované na 64 MHz
— BLE parovani, také pres NFC, ultra usporny rezim

— na desce s 9-osou inercialni mérici jednotkou (IMU) = akcelerometr, gyroskop a
magnetometr s rozliSenim 3 os — pro robotické experimenty, krokomeéry, kompasy

= jeivarianta SENSE s mnoha dalsimi sensory - teploty, tlaku,
vlhkosti, svetla, barev, dokonce gesta a mikrofon

podpora je zajisténa standardni ArduinoBLE knihovnou, v modech
peripheral i central, funguje i s Nano 33 IOT ¢i MKR WiFi 1010

— alternativni BLE desky jsou dostupné i od vyrobce Adafruit — ItsyBitsy nRF52840
Express, Feather nRF52 Bluefruit, Clue (i s displejem) — pouziva se knihovna

Bluefruit — priklady aj. nelze zaménit s vySe uvedenou ArduinoBLE



BBC micro:bit - pro deti a starsi ...

= asi nejroz§ifenéj$i modul (S BLE) pro hravé osvojeni programovani
= jhned, open source, komunita v1: nRF51822, v2: nRF52833

Micro USB . /
MSC,UART,CMSIS-DAP,webUSB

Grafické programovani
Napajeni 5V

Uzivatelska
5x5 LED Matrix tlacitka A, B
Digitalni a
analogove 1/0

Pouzitelné jako SPI,UART,I2C
Plosky pro vodice s krokodyly
Otvory pro vodice s bananky

Externi napajeni
Vstup napéti 3,3V nebo
vystup napéti baterie

9 I—Zlaceny konektor
0 1 3V GND
Radiova komunikace Gazell J b

Nordic nRF51822 EJ

Pohybovy senzor — ooy NXP KL26Z
ST LSM303AGR Cip pro USB rozhrani

Napajeci konektor
JST konektor pro napéti 3V

Tlacitko RESET

2,4GHz anténa

Bluetooth s nizkou spotrebou




Blokové schéma

= verze1.5a2 JST
Regulator
| — e
ANIENNA  [r— T
SWD USE o
SWD GPIO
nRF52833 KL27Z Reset
Xtal Ktal UART oris UART BTN
|12C Internal GPIO
Logo GF_'IG 2CM1 12CMO 12CS
| |2C external LEDs
i?és Motion
5x5 LI_ED MEMS mic Speaker Sensor
Matrix (LSM & Added in V2
FX085)
Present in micro:bit V1
(Cols only) I
v 12C

Edge Connector




pripojeni :

- _ oo
= na velké plosky lze C 5 sy
pripnout ,.krokodylky“ -
= moduly s piny, ploskami C 3 |
a pro kontaktni pole ' Va3
EP16=
gy
: !
Col =
Sibi osaesesasdl e —

LED Col B
LED Col 9

B LI A
LED Col 2 ANALDG IN

‘ o anoG i HW =Ty

o ieocol1 oI

jak napajet?
« USB konektor - z PC, notebooku, power banky

dalsi dvé moznosti — pozor - max. 3.3V
« konektor JST na microbitu — 2x 1.5 V baterie
« pres pin 3V zlaceného konektoru




Programovani - MakeCode

= https://makecode.microbit.org offline verze pro W10 a MAC OS
— online — kombinuje grafické bloky + JavaScript + Python)
— bloky nelze poskladat Spatné, navic hned otestovani v simulatoru
— rozsSireni pro riizné moduly, priklady a napovédy

B Microsoft | Emicro:bit @ Python v

simulator

#22 Basic
on start
® Input
o bloky programu
@ Music -
@© Led . . .
.all Radio .=.
C' Loops
j; LOgIC set cnt v too
Bz & v = = Variables
@ Math forever
ﬁx) rUnEtens serial write numbers | array of cnt ¥ temperature (°C) e@

stavebni e
prvky

vl @® Game v

Download . test]




textove verze kodu:

ekvivalent v JavaScriptu: v Pythonu:
basic.showLeds (" basic.show _leds ("""
.o A
# . # . # # . # . #
o ## I A
# . # .
") ")
let cnt = 0 cnt = 0
basic. forever (function () {
cnt = cnt + 1 def on forever():
serial.writeNumbers([cnt, global cnt
input. temperature()]) cnt = ent + 1
basic.pause (1000) serial.write numbers ([cnt,
}) input. temperature()])

basic.pause (1000)

basic.forever (on_forever)

= koédy nemusi byt zcela kompatibilni se standardnimi verzemi jazykii
= ,,obrazkoveé“ programovani se stava neprehlednym pro vetsi projekty



B LE am i Cro: bit No additional code is needed on the micro:bit to use the Bluetooth accelerometer

service from another device.

v MakerCode — spusti
se BLE sluzba

napr. sensoru:

JAVASCRIPT

function bluetooth.startAccelerometerService () : void;
podobneé to je mozneé
pro dalSi hw ¢asti % PYTHON
def bluetooth.Start_accelerometer_service(): None

pripojujici se zarizeni
si pak vybere, co chce sledovat a prihlasi
se k odbéru dat

on start

bluetooth accelerometer service

services: startAccelerometerService, startButtonService,
startlOPinService, startLEDService, startMagnetometerService,
startTemperatureService, startUartService,

pripojeni BLE: onBluetoothConnected, onBluetoothDisconnected



GATT sluzby u micro:bit

Service On micro:bit|Description
Generic Access mandatory |genericinformation about the device. Mandatory in GATT profiles.
Generic Attribute |mandatory |informs clients of changes in the attribute table such as reassigned handle values
Device Info mandatory |more comprehensive details about the device and its manufacturer
Accelerometer optional accelerometer sensor state and configuration of the frequency for readings reports
Magnetometer optional magnetometer sensor state and frequency of reports, access to a "current bearing" in degs
Temperature optional integer temperature in oC, derived from several sensors in the micro:bit
Button optional allows button state changes to be notified to the client
LED optional access to both the LED "display" grid and the system status LED
10 Pin optional access to and configuration of IO pins on the edge connector
: allows the micro:bit to inform the connected client of the types of event it wants to be informed
Event optional . .
about; event data includes both a type and a reason or origin
DFU Control mandatory |used to initiate device firmware update
pseudo serial data communications over BLE, allowing arbitrary byte sequences to be exchanged
UART optional in either direction with a connected peer; an implementation of Nordic Semicondutor's UART
emulation over BLE
Partial Flashing mandatory |allows a client to update the MakeCode program on the Micro:Bit via BLE

= alternativni (vice profesionalni ...) programovani micro:bit modul:
= Python: online na https://python.microbit.org/v/2

= Arduino IDE: — po doinstalovani pres Additional Board Manager z
= https://sandeepmistry.github.io/arduino-nRF5/package_nRF5_boards_index.json

= Mbed: online kompilator pro STM32 mikrokontrolery

— https://los.mbed.com/




BMP180 a OLED

= Xiao s pripojenym sensorem BMP180 — méri
teplotu (oC) a atmosfeéricky tlak (Pa)

= data se zobrazuji na 1,3“ OLED display

= obé periferie pripojeny na I12C sbérnici
(maji nahodou piny se shodnymi signaly)

= soucasneé se data posilaji sériové na USB
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= nasleduje ukazka ovladaciho programu



BMP180 a OLED
plus Bluetooth
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= Xiao s pripojenym sensorem BMP180 a
1,3“ OLED display na I12C sbérnici

= data se posilaji sériové na USB
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= anavic pres Serial1 na Bluetooth modul HC06
= nasleduje ukazka ovladaciho programu
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= klasicky SPP profil — chova se jako sériovy port
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#include <U8x8lib.h>
#include <Adafruit BMP085.h>

U8X8 SSD1306 128X64 NONAME HW I2C u8x8(/* reset=*/ U8X8 PIN NONE) ;
Adafruit BMP085 bmp;

char buf[10],£f1t[10];

float t;

void setup (void) {
u8x8.begin () ; uB8x8.setPowerSave (0) ;
Serial .begin(9600); if ('bmp.begin()) {
Serial.println("Valid BMP180 sensor not found!"); while (1) { }
}
Seriall.begin(9600); // BT HCO06, pin 1234

u8x8.setFont (u8x8 font amstrad cpc extended r);

void loop (void) {
u8x8.clear(); t = bmp.readTemperature(); dtostrf(t,5,1,flt);
sprintf (buf, "t: %s",flt); u8x8.drawString(1l,0,buf);
Serial.print (buf); Serial.print('\t');, Seriall.print(buf); Seriall.print('\t');
sprintf (buf, "p: %d", bmp.readPressure()); u8x8.drawString(1l,4,buf)
Serial .println(buf); Seriall.println(buf); delay(2000) ;
}}




BT klasicky i LE? ... JDY-32

= dual Bluetooth 3.0 SPP + 4.2 BLE Slave mode
= distance 40 m, def. 9600 Bd, SPP pin 1234

AT+VERSION Version number JDY-32-V1.0
AT+RST Soft reset

AT+DISC AT command disconnected
AT+MAC Query the MAC address of BLE

AT+MACS Query the MAC address of SPP
AT+BAUD Baud rate 9600

AT+NAME BLE broadcast name settings and
AT+NAMES SPP broadcast name setting and ¢
AT+TYPE SPP password connection type 2

0: No password, 1: You need to enter a password for each
connection. 2: The first connection requires a password

AT+PIN SPP connection password 1234
AT+DEFAULT Reset




Xiao BLE = asi nejlepsi (2022)

= Versatile Nordic nRF52840 chip with FPU, operating up to
64 MHz, mounted multiple development ports, supported
by Arduino / CircuitPython

= Variant SENSE ... accelerometer + microphone Y Model: XIAO-nRF52840

= Wireless Capabilities: 5.0 BLE functions with onboard [l
antenna, also provide NFC connectivity

= Elaborate Power Design: Provide ultra-low power
consumption as 5 PJA in deep sleep mode while supporting
lithium battery charge management

= thumb-sized design: 21 x 17.5mm, classic form-factor, suitable for wearable devices
= perfect for production: Breadboard-friendly SMD design, no components on back
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Co na druhé strane?

smartphone — obecné pouzitelné aplikace pro BT SPP ¢i BLE
implementace sériového prenosu

Serial Bluetooth Terminal (Kai Morich)

— aplikace pro terminaly / konzoly pro mikrokontroléry, arduino a
spol., mnoha dalsSi zafizeni se sériovym / UART rozhranim
propojenym s Bluetooth

NRF Connect for Mobile (Nordic Semiconductors)
— obecny nastroj, ktery vam umozni skenovat, inzerovat a prozkouma Co

3

zarizeni Bluetooth Low Energy (BLE) a komunikovat s nimi

SCANNER BONDED

o Nordic_Blinky - copy
RANDOM ADDRESS @
CONNECT FEIL

o Galaxy Watch. ive2(0336) LE [
COFS42A1C7 76

NOT BONDED |

Qe
70:26:05:00.06 50
NOT BONDED A

0 Jabra Elite 85h
52CSB516CF 19
NOT BONDED




= MIT Applnventor 2 Viastni aplikace?
= http://ai2.appinventor.mit.edu/

= kombinace tvorby grafického rozhrani aplikace a ,,obrazkového*
programovani reakci na udalosti
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call IS -BylesAvaiableToReceive
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https://droidscript.org

App development —

Simplified

DroidScript is an easy to use, portable coding tool which simplifies
mobile App development. It dramatically improves productivity by
speeding up development by as much as 10x compared with using
the standard development tools.

It's also an ideal tool for learning JavaScript, you can literally code
anywhere with DroidScript, it's not cloud based and doesn't require
an internet connection.

Unlike other development tools which take hours to install and eat
up gigabytes of disk space, you can install DroidScript start using it
within 30 seconds!

TAKE A TOUR GET THE APP

Droidscript

rychly vyvoj mobilnich aplikaci pomoci Javascriptu
klasicky textovy pristup, primo v mobilu nebo pres web
bohata dokumentace a priklady

X BLE neni prfimo implementovano

18:25 ull = 2

Hello World

Shows an image and a popup me:

Controls Dark

Demo of controls using default dz

Controls Light

Demo of controls using light therr

Button Styles

Demos various button styles

Card Layout

Rounded corner layouts with shad

Drawing Demo
Shows how to use drawing functic

& : Hello World.js

function OnStart()

{

lay = appACreateLayout.( "linear", "VCenter,Fill)
img = app.Addimage( lay, "Img/Hello World.p

btn = app.AddButton( lay, "Press Me", 0.3, 0.1

btn.SetMargins( 0, 0.05,0,0);
btn.SetOnTouch( btn_OnTouch );

app.AddLayout( lay );

unction btn_OnTouch()

app.Show[gopup( "Hello World!" );
}

4

AddAdView
AddButton
AddCameraVi...
AddCheckBox
AddCodeEdit
AddDrawer
Addimage
AddLayout
AddList
AddScroller

AddSeekBar




Dalsi informace

= https:/Ics.wikipedia.org/wiki/Bluetooth

— detailni prehled standardniho (klasického) Bluetooth systému, protokoly, apod.

https://blog.laskarduino.cz/uart-bluetooth-moduly/
— vlastnosti HC-05, HC-06 a AT-09 (= HM-10) BT moduld

https://www.arduino.cc/en/Reference/ArduinoBLE
— struény uvod do BLE z pohledu Arduina, popis ArduinoBLE knihovny

zajimave ...

= https://bastlirna.hwkitchen.cz/
= https:/Igithub.com/jipech/PRIM-microbit

— programujeme Micro:bit pomoci Pythonu
= https://www.microbiti.cz/2019/02/priklady-pro-zacatecniky.html

= https://makecode.microbit.org/courses/csintro
— oficialni kurz Intro to Computer Science



