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ANRZILT)

P ™ At the beginning... NAZINUDY

@ |oT device can be viewed as a simple Embedded System
Hardware which is frequently used in a loop (“hardware in a

loop“):
A/D converter | _ | information [~ dizplay -
le—and—hold processing
sam? e-and-ho — 1 D/A converter
sensors |< (physical) actuators

environment

'

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid
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" Main characteristics of ES AZINUDbY

© Dependabilty
® Single-functioned (dedicated System)
® Executes a single program, repeatedly

® Tightly-constrained (Efficient)

® Low cost, low power, small, fast, etc.

®

© Dependability and real-time are not mandatory for loT

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid §



P " Generic Hardware Node

Sensor(s)

I

ADC

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid
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g ™ Microprocessors & Microcontrollers a=¢ )

® A microprocessor unit (MPU) is a processor on one silicon chip

® A microcontroller unit (MCU) is a microprocessor with some
added circuitry on one silicon chip

@® Microcontrollers are used in embedded computing and most 0T
devices are based on microcontrollers

—

Data bus
CPU | RAM |ROM
Serial
G | I/o
Purpose RAM ROM oort Timer | | com | VS
Microprocessor port /o Serial
Timer | COM
(CPU) port Dot
Address bus
(Single chip)

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid
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MCU Bit Definition ANAZINUDY

® The number of bits describing the data path defines the
Microcontroller Bit Definition

CPU

4.8, 16 or 32

Address
Any bit width

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid
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= ™8 Common Memory Types in MCUS azi

© RAM

(® Most microcontrollers have little amount of internal RAM. Generally,
1 Kbytes (“embedded” in MCUs) is a common amount, although
some more powerfull microcontrollers can have more

® RAM is typically used to store variables (global, local, stack,...) and
data of your program

® So use the small amount of RAM wisely!
© EEPROM - electrically-erasable-and-programmable ROM

@ Internally, they are similar to EPROMs, but the erase operation is
accomplished electrically, rather than by exposure to ultraviolet light
@® higher cost and write cycles are also significantly longer than RAM

® EEPROM are typically used to store permanent data
® Flash memory

Adapted from "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid o)
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™ Flash memory WAZH

@ Flash memory devices are
@® high density,
@® low cost,
@® nonvolatile,
® fast (to read, but not to write), and
@© electrically reprogrammable.
@®© Write/Erase large blocks of bytes

©®© EEPROM is similar to flash memory but the principal difference

IS that

© EEPROM requires data to be written or erased one byte at a time
whereas flash memory allows data to be written or erased in blocks.

@ Flash memory is typically used in MCUs for storing program
code

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid 10
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P ™ Ex: ATmega328 specs (NAZINUDY

The high-performance Microchip picoPower 8-bit AVR RISC-based microcontroller combines 32KB
ISP flash memory with read-while-write capabilities, 1024B EEPROM, 2KB SRAM, 23 general
purpose /0O lines, 32 general purpose working registers, three flexible timer/counters with
compare modes, internal and external interrupts, serial programmable USART, a byte-oriented
2-wire serial interface, SPI serial port, a 6-channel 10-bit A/D converter (8-channels in TQFP and
QFN/MLF packages), programmable watchdog timer with internal oscillator, and five software
selectable power saving modes. The device operates between 1.8-5.5 volts.

Program Memory Type Flash

Program Memory Size (KB) 32 Timers 2 x 8-bit, 1 x 16-bit
CPU Speed (MIPS/DMIPS) 20 Number of Comparators 1

SRAM Bytes 2,048 Temperature Range (C) -40 to 85

Data EEPROM/HEF (bytes) 1024 Operating Voltage Range (V) 1.8t05.5

Digital Communication Periphe... 1-UART, 2-SPI, 1-12C Pin Count 32
Capture/Compare/PWM Periph... 1 Input Capture, 1 CCP, 6PWM Low Power Yes

https://www.microchip.com/wwwproducts/en/ATmega328p
11



P~ ™8 ATmega328 ports

“NAZI

«NAZH

@® Ports/pins are communication channels through which
information flows into or out of the microcontroller

Port name

/— Port number

N\ A
(PCINT14/RESET) PC6 [] 1 28 [ ] PC5 (ADC5/SCL/PCINT13)
(PCINT16/RXD) PDO [} 2 27 |1 PC4 (ADC4/SDA/PCINT12)
(PCINT17/TXD) PD1 [} 3 26 | 1 PC3 (ADCSG/PCINT11)
(PCINT18/INTO) PD2 [} 4 25 [ PC2 (ADC2/PCINT10)
(PCINT19/0C2B/INT1) PD3 [} 5 24 [ 1 PC1 (ADC1/PCINT9)
(PCINT20/XCK/TO) PD4 |6 23 |1 PCO (ADCO/PCINTS)
Special VCcC []7 22 | JGND
function_\ GND[]8 21 |J AREF
(PCINT6/XTAL1/TOSC1) PB6 []9 20 [J AVCC
(PCINT7/XTAL2/TOSC2) PB7 [} 10 191 PB5 (SCK/PCINT5)
(PCINT21/0C0B/T1) PD5 [} 11 18 |1 PB4 (MISO/PCINT4)
(PCINT22/0OCOA/AINO) PD6 [} 12 17 |1 PB3 (MOSI/OC2A/PCINT3)
(PCINT23/AIN1) PD7 [] 13 16 [J PB2 (SS/OC1B/PCINT2)
(PCINTO/CLKO/ICP1) PBO L] 14 151 PB1 (OC1A/PCINT1)

N )))

12
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= ™ Port Pin Data Directionality v

@ Input

®© When you want to take information from the external world
(sensors) into the MCU

@ Output

®© When you want to change the state of something outside the MCU
(turn a led/motor on or off, etc.)

@ Pins default to input direction on power-up or reset

@ Your program can set or change the directionality of
a pin at any time

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid
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== "3 Pin Voltages Az

@ Microcontrollers are fundamentally digital devices.

@ For digital 10 pins, information is ‘coded’ in two
discrete states:

@ HIGH or LOW (logic: 1 or 0)

@® Voltages

@TTL
® 5V (for HIGH)
® 0V (for LOW)
®©3.3V CMOS
® 3.3V (for HIGH)
® 0V (for LOW)

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid
14



i — ATmega328

Block Diagram ... Tl

PORT D (8)

Input /

Output \

DATABUS

PD[0..7]

AZIUTY
«NAZH D)

RESET

XTAL[1..2]

|}
|
Watchdog »  Power debugWIRE "
T|n11er Supervision ¥ |
|
Watchdog > PO';'/E 2(;_:? & PROGRAM |
Oscillator LOGIC :
I , .
|
Oscillator |
- Flash SRAM 1
| Circuits/ !
7|  Clock it ir )
Generation 1
|
|
AVR cr |
EEPROM '
|
¢ —}—— AVCC

|

A A AT —:_

GND
A\ 4 \ 4 Y l—:_
2
8bit T/C 0 16bit T/C 1 ADConv. [€&=4 |
A !
) — |
|
<« svittc2 Analog Internal 6} |
Comp. Bandgap |
A !
|
— :
|
|
USART 0 SPI TWI |
|
A A A A A A 1
|
I \ 4 A 4 A 4 :
|
\ 4 ¢ A\ 4 ¢ y |
|
PORT D (8) PORT B (8) PORT C (7) |
|
y y y |
L
|
-—— e e el - - —— ] —————— -—— - ————— = - - - ———— -
A A

PD[0..7] PB[0..7] PC[0..6] ADCI6..7]

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid
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=" From pcontroller to pcontroller boarhi- -,

@ Although a pcontroller can be standalone, it is usually mounted
on a board with additional electronics parts

 Leds ”@@ 000000
@® Voltage regulators &2 ,c_ﬁuln: :;r Rt ey ‘

@® Reset button

® Serial-USB ; ¥ \(’;i faEFiq - oEremmine
® Ex: Arduino Pro Mini s \\ 0};””1° ,E.Oz
© See next slide on " o "8 5 b o) Qoglm
Arduino boards - 3.3V regulated Raw input voltage
@® You can use an existing voltage Ground

microcontroller board to
build your loT device or make your own board by integrating
yourself the microcontroller

16



ucontroller pins to
ucontroller board pins

NAZI

«NAZH

® Mapping of pucontroller pins to pcontroller board pins is not
always obvious, nor standardized

® So need to look at the pin-out schematic

Name ADC
Power | PWM
(¢1\\[»] Serial
Control Ext Interrupt
Arduino PC Interrupt
Port Misc
pPcINT17 TXD
PCcINTI6  RXD
PCINT14
pcINTI8  INTO
OC2B pciNTi9  INTI 8-bit
XCK TO PCINT20
T OCOB PcINT21  8-bit
AINO OCOA PciNT22 8-bit
IN1 PCINT23
CLKO ICP1 PCINTO
OCIA pciNT1  8-bit

PD1
PDO
PC6

PD2
PD3
PD4
PD5
PD6
PD7
PBO
PB1

D1 TXO
DO RXI
Reset [RST
GND
D2 2
D3 3
D4 4
D5 5
D6 6
D7 7
D8 8
D9 9

Arduino Pro Mini (DEV-11114)

Programmed as Arduino Pro Mini w/ ATMega328

8MHz/ 3.3V

[GND) [CTS] [VCC] TXO) [RXT] DTR]
FTDI Headder
GND] ()

ND

é. GND UCC R’Xl TXD

o =
" T

:; | nrdumo Pr Qn. RAW

£y _- .rw%. GND

A5 A5/D19 PC5
A4 A4/D18 PC4

A7 A7
A6 A6

RAW
Reset PC6 PCINT14
A3/D17 PC3 ADC3
A2/D16 PC2 ADC2
A1/D15 PCl ADCI
A0/D14 PCO ADCO
D13 PB5 SCK
D12 PB4 MISO
D11 PB3 8-bit
D10 PCB2  8-bit
ADC5 SCL
ADC4 SDA
ADC7
ADC6

PCINTTI
PCINTIO
PCINT9
PCINT8
PCINT5
PCINT4
MOSI pciNT3  OC2A
SS PCINT2 OCIB

LED

PCINT13
PCINTI2

17
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" Arduino boards WNAZINUDY)

void setup () {

}
ARDUINO void loop () {

}
WHAT IS ARDUINO? ARDUINO BOARD ARDUINO SOFTWARE
Arduino is an open-source electronics Arduino senses the environment by You can tell your Arduino what to do by
platform based on easy-to-use hardware receiving inputs from many sensors, and writing code in the Arduino programming
and software. It's intended for anyone affects its surroundings by controlling language and using the Arduino
making interactive projects. lights, motors, and other actuators. development environment.

el == J: " i e " = ; s i “: ue ‘ e
J2% ARDUINO MEGA 2560 . = ARDUING DUE

T T
XX

" ARDUINO NANO

18
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" Arduino boards ANAZIN UMY

® The Arduino project was started at the /vrea Interaction Design
Institute in Italy and targets students, tech enthousiasts and
hobbyists

@ It is now one of the de facto standard and other boards usually
offers Arduino compatibility if they want to attract users

@® There are also a lot of Arduino clones from mostly China
manufacturers and they are working just fine

® The basic Arduino boards (Uno, MEGA, Due, Mini, Nano) are
now completed with a lot of other boards

19
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"= Which Arduino board for 1oT? NAZH

@ Depending on the application constraint, any board can be
considered suitable for loT provided that it can have radio
capabilities (natively or with additional hardware)

® However, in many loT applications, size and energy
consumption are very important issues so large boards and
boards with energy-hungry radio such as WiFi are not really

suitable ‘QQQ)..QQob

0 RST RXI X0 @ |

‘ N ’,,'C:-S[:ma 3

L AN
(7 t@ i J‘_Programmlng
'm,//, i ; 0"’0 Header
1@ OF 0
4:, Ry d

1 g ﬁ1 8 A3 ughmguonnu‘

3.3V regulated Raw input voltage
voltage Ground

® The previous Arduino Pro Mini which exists in 3.3V and 8MHz
version is a great board for early integration phase
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"™ Large ecosystem, still growing... sz oo

http://blog.atmel.com/2015/12/16/rewind-

50-of-the-best-boards-from-2015/ %

http://blog.atmel.com/2015/04/09/25-dev- ARDUINO
boards-to-help-you-get-started-on-your-

Arduino Pro Mini
CL

next-iot-project/ 0000000000000
e .-. ) . QU= ale o)

STM32 Nucleo-32

sparkfun
ESP32 Thing

@3¢
.:7 “’”ui F:'!".zx.
!Lju }* @
b d

l!Dﬂ q!

Adafruit Feather

Sparkfun ESP32 S N Tinyduin
Thing Tessel 0 21
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P " The Arduino IDE ANAZHUDY

® Open source IDE to program Arduino boards
@® Arduino boards can be programmed in C++ -like language

® Additional functions are introduced to manage 1/0O and other
features such as interrupts, delays.

External Interrupts

Digital I/0 Time attachinterrupt()

digitalRead() delay()
digitalWrite() delayMicroseconds()

detachinterrupt()

pinMode() micros() Interrupts
millis() interrupts()

Analog 1/0 nolnterrupts()

analogRead()

analogReference() Communication

analogWrite() Serial

https://www.arduino.cc/reference/en/ Stream )
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=" Structure of an Arduino Program qazi

/* Blink - turns on an LED for DELAY_ON msec, then
off for DELAY_OFF msec, and repeats

BJ Furman rev. 1.1 Last rev: 22JAN2011

*/

H I 1 )
® An arduino program == ‘sketch #define LED_PIN 13 // LED on digital pin 13
® Must have: #define DELAY_ON 1000
ust have: #define DELAY_OFF 1000
® setup() T—
void setup
® loop() {
// initialize the digital pin as an output:
® setup) pinMode(LED_PIN, OUTPUT);
@® configures pin modes and registers }
O, Ioop() Il loop() method runs forever,
© runs the main body of the program forever //as long as the Arduino has power
® like while(1) {.} / void loop() I
® Where is main() ? S
_ _ o _ digitalWrite(LED_PIN, HIGH); // set the LED on
@ Arduino simplifies things delay(DELAY_ON); // wait for DELAY_ON msec
® Does things for you digitalWrite(LED_PIN, LOW); // set the LED off

delay(DELAY_OFF); // wait for DELAY_OFF msec
N %

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid 273
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w8 Compiling WNAZINUDY)

fsWWs) Arduino_LoRa_temp | Arduino 1.6.6 o File Edit

Auto Format
Archive Sketch

N Fix Encoding & Reload
* Copyright (C) 2015 Congduc Pham, University of Pau, France . L

. Serial Monitor

* This program is free softuare: you can redistribute it and/or modify N

* it under the terms of the GNU General Public License as published by Serial Plotter

* the Free Software Foundation, either version 3 of the License, or
* (at your option) any later version

Board: "Arduino Pro or Pro Mini"

* This progran is distributed in the hope that it will be useful,

B A A Processor: "ATmega328 (3.3V, 8 MHz)" ATmega328 (5V, 16 MHz)
ST

D L e oy o e G ot Pt L Port v ATmega328 (3.3V, 8 MHz)

+ alang with the progran.  If not, see <http:/Joms.cns.ora/Licenses/s. Arduino_LoRa_temp ATmegal68 (5V, 16 MHz)

Programmer: "AVRISP mkll" ATmegal68 (3.3V, 8 MHz)
N temperature sensor on analog 8 Burn Bootloader

/7 Include the SK1272
#include "sx1272.h"

/7 THPORTANT Copyright (C) 2015 Congduc Pham, University of Pau, France

/7 prease uncoment enly 1 chotee This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or

// uncomment if your radio is an HopeRF RFMOZK or RFMOSK (at your option) any later version.

#define RADIO_RFH92_95
// uncomment if your radio is a Hodtronix inAir98 (the one with +20d8m features), if inAird, leave comment

//#define RADIO_INAIR9E

// it seems that both HopeRF and Hodtronix board use the PA_BOOST pin and not the RFO. Therefore, for thes
// boards we set the initial power to 'x and not 'N'. This is the purpose of the define statement

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
— MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

i - GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with the program. If not, see <http://www.gnu.ora/licenses/>.

3.1, Serial, 72 M P P e e PP e

Select the Arduino board you have, here Arduino Pro Mini 3.3V 8MHz version

Then, click on the « verify » button

24



_ _ GNAZIUTY
e U P loadin g ««unz#wa»»

8T
Archive Sketch
Fix Encoding & Reload
Arduino_LoRa, temp Serial Monitor 0 8M
- Serial Plotter 4L

temperature sensor on analog 8 to t

Board: "Arduino Pro or Pro Mini" >
Copyright (C) 2015 Congduc Pham, U Processor: "ATmegal68 (3.3V, 8 MHz2)"

This program is free software: you
it under the terms of the GNU Gener Programmer: "AVRISP mkll"
the Free Software Foundation, eithe
(Cat your option) any later version.

/dev/cu.Bluetooth-Modem
/dev/cu.Bluetooth-PDA-Sync

. >
: Serial ports
: >
* /dev/cu.usbmodem1427871

Burn Bootloader

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with the program. If not, see <http://www.gnu.ora/licenses/>.

B

*/

// Include the SX1272
#include "SX1272.h"

// IMPORTANT
LIIIIIII77777177777777717777777777777777777777777777777777777777777777777777777777777777777777777777777777
// please uncomment only 1 choice
//

Connect the USB end to your computer and the USB port should be detected in
the Arduino IDE. Select the serial port for your device. It may have another name

than what is shown in the example. Then click on the « upload » button

Upload




e : : “AAZIUTY
"™ Connecting a physical sensor ANAZINU DY

@® Main feature of loT!

26
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w4 Basic: analog output

“NAZEN U DY

LM35DZ TO-92
PINOUT DIAGRAM

Analog OUT
10mvV=1°C

Vcc is typically 5V or 3.3V, assuming 3.3V here

If 0 means OV and 1024 means 3300mV (10-bit resolution) then 3300mV/1024=3.22mV
is the granularity of the measure

A digital value of 100 means 100*3.22mV=322mV
If the sensor output is 10mV/1°C then the physical temperature is 322mV/10mV=32.2°C



= : EAZIUTY)
1250202 COn nectlng to board WNAZHEUDY

5 P
Analog OUT *} iy
10mv=1°C v o &

C,O
<
e8

GND should be connected to one of the board’s GND, VCC can be connected to
the output of digital pin 8 for instance (to get power) and the OUT pin can be
connected to the analog A0 pin.

28
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Reading analog pin value NAZENUDY

.Cﬁ.......“.“

8 GND RST RXI TXO

‘v~b%£3C[ BiE:
\

Nizg

7
%

// sensor output connected to A0 analog pin
value = analogRead(A0);

// now need to convert to Celcius degree

And converting into Celcius

Temp value * 3300.0/1024.0; // 3300/1024=3.22

Temp Temp / 10; // 10mV means 1°C

// now process and transmit the data

29
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P~ " Advanced: digital output Az

® Sensors with a digital output usually provide the sensed data in
some advanced digital format, not only an analog value.

® In that case, additional libraries are often needed to read the
sensor’s data depending on the interface/protocol/bus
® Serial UART (traditional serial line)
@ 1-Wire
@ 12C: Inter-Integrated Circuit, or TWI: Two-Wire Interface
©® SPI: Serial Peripheral Interface

@ In many cases, there are both library and example provided with
the sensor to read the data, so do not start from scratch!

© Example with the DHT22 sensor follows. You can search for
"DHT22 Arduino” on the web

30
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P " DHT22 and digital output NAZH

® The DHT22 is a temperature and humidity sensor with a digital
output on pin 2

DHT22 Pinout

n 2: Data
ot Connected

® There are various libraries available (search Arduino+DHT22 on
the web)

® We use the library developed by Ben Adams:
https://github.com/nethoncho/Arduino-DHT22

31
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B ™ Sensor preparation WAZ

® Many sensors need a little preparation before you can safely
connect them to a microcontroller board

® Usually, you may need to add some resistor and/or condensator
to some pins or wires

@® Consult the sensor datasheet or search the web on the required
schematic for a safe and proper operation of the sensor

32



P " Ex: reading the DHT22

// include Ben Adams’s DHT22 library
#include "DHT22.h”

DHT22* dht = NULL;

// provide the digital pin to which the -

// DHT22 data pin is connected to. Here
// digital pin 2 on the Arduino
dht = new DHT22(2);

// start reading
dht->readData();

// then get both temperature and humidity
double temp=(double)dht->getTemperatureC();
double hum=(double)dht->getHumidity();

CNAZIUTHY
«WAZH

Note: Pin 3 is not used

33
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P " Fx: DS18B20 NAZH »

P
i
aaoons @ Q o
Vis 012345 3 Waterproof
Sensor

Made with [J) Fritzing.org

Image from http://fun-tech.se/FunTechHouse/RoomTemperature/ 3 4
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P 2C bus ANAZH

® 12C (Inter-Integrated Circuit) is one of the most popular
communication protocol used in embedded systems. It has been
designed by Philips for simple audio-video appliances controlled
by the microprocessor

@ There are many chips that can be connected to the processor
with this interface which uses SDA (data) and SCL (clock)

© EEPROM memory chips master-slave synchronous it o
© RAM memory chips serial transmission fo | |ro
© AD/DA converters s

SCL

@® Real-time clocks W1 Master

® Sensors (temperature,
pressure, gas, air pollution)

A slave is assigned an 8-bit

From iot-open.eu loT course book address
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P ™ [2C example: connecting OLED  imzic o

© Small OLED screens usually use 12C communication interface
with SDA and SCL wire

@®@ Just connect the corresponding wires to their matching pins on
the Arduino. Usually SDA=A4 and SCL=A5 (100kHz-400kHz)

SHT Sensor Pins Arduino Pins

VCC 5V or 3.3V

GND GND

SDA Ad

SCL A5

/
(PCINT14/RESET) PC6 [] 1 28 |1 PC5 (ADC5/SCL/PCINT13)

(PCINT16/RXD) PDO [] 2 27 [J PC4 (ADC4/SDA/PCINT12)
(PCINT17/TXD) PD1 ] 3 26 | 1 PC3 (ADCS3/PCINT11)
(PCINT18/INTO) PD2 [} 4 251 PC2 (ADC2/PCINT10)
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@® SPI (Serial Peripheral Interface) is a synchronous serial interface
and protocol that can transmit data with speed up to 20Mbps

® To communicate SPI uses three lines common to all of the
connected devices, and one enabling line for every slave

element
MOSI v

Line Description Direction MISO

SPI Master  sCK I I
MISO Master In Slave Out peripheral — uC
MOSI Master Out Slave In uC — peripheral
SCK  Serial Clock uC — peripheral s e
SS Slave Select uC — peripheral 51 552

|
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® Many radio modules use SPI interface to communicate with the

host microcontroller

©®© Example with a LoRa radio module

[GND| [CTS] [VCC] ILTI(_ [RXI'] DTR]

I To FTDI breakout

= FTDI Header
To target board

Reset PC6 PCINT14

A3/D17 PC3 ADC3  pCINTTI
A2/D16 PC2 ADC2 PpcCINTIO
A1/D15 PCI1 ADC1  PCINT9

T. =01 pn BB 8-bit
5010 /blo PCB2 " 8-bit

E

Reset Button
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® Most microcontrollers do not have display

©®© When connected to a computer, output can be displayed by the
computer, mostly for debugging purposes

@ In most cases, the connection is realized using serial interface
(Universal Asynchronous Receiver Transmitter, UART)
@® With the Arduino IDE, use

® Serial.begin(38400);
® Serial.print("The value is: ");
® Serial.println(my value);

® There are libraries or turnaround to have C-like print£f
function

® Oruse sprintf then Serial.print
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Arduino_LoRa_temp | Arduino 1.6.6

Arduino_LoRa_temp

EAZIUTY)

1Itor WNAZINUD)Y)

/dev/cu.usbmodem1427871

/x
tenperature sensor on analog 8 to test the LoRa gateway

Copyright (C) 2015 Congduc Pham, University of Pau, France

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
Cat your option) any later version

*
.
+
*
.
+

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details

.
.
.
* You should have received a copy of the GNU General Public License
* along with the program. If not, see <http://ww.anu.org/licenses/>

T

*/

// Include the SX1272
#include “SX1272.h"

// IMPORTANT
LIIIIIILIILLIILLILIIILIIIIILIILLILLI2LI2L 2L 21T 72T 201 71100170770771077177717771771778
// please uncomment only 1 choice

a

// it seems that both HopeRF and Modtronix board use the PA_BOOST pin and not the Rl
// boards we set the initial power to 'x' and not 'N'. This is the purpose of the df
7/

// uncoment if your radio is an HopeRF RFMO2W or RFMOSW
#define RADIO_RFMO2_95
// uncoment if your radio is a Modtronix inAir98 (the one with +20dBm features), i
//#define RADIO_INAIROB
TIIIIIIIIIIIIIIIII I 1 1110110 10010110 10110110 11111110111111101101111111111111111,

// IMPORTANT

Simple LoRa temperature sensor
Teensy31/32 detected

SX1276 detected, starting
SX1276 LF/HF calibration

Get back previous sx1272 config
Using packet sequence number of 40
Setting Mode: state 0

Setting Channel: state @
Setting Power: state 0
Setting node addr: state @
SX1272 successfully configured
Reading 83

(Temp is 26.75

Sending \!#4#TC/26.74

Real payload size is 13

--> CAD duration 547

0K1

--> waiting for 1 CAD = 62
--> CAD duration 547

0K2

--> RSSI -126

LoRa pkt seq 40

LoRa Sent in 1569

LoRa Sent w/CAD in 2116
Packet sent, state 0

Reading 88

(Temp is 28.36

Sending \!#4#T(/28.35

Real payload size is 13

--> CAD duration 547

0K1

--> waiting for 6 CAD = 372
--> CAD duration 547

0K2

TIIIIIIIIIIIIIIIIIIII 1 10110110101101001011010110110111111101101111011111110111,
// please unconment only 1 choice

#define BANDS6S

//#define BAND90O®

--> RSSI -125

Autoscroll | No line ending 38400 baud

g

You can see the output from the sensor if it is connected to your computer. Use
the Arduino IDE « serial monitor » to get such output, just to verify that the
sensor is running fine, or to debug new code. Use same baud rate (e.g. 38400
baud) that the one fixed by the program.
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® Most of microcontroller boards have very basic capabilities

® Additional hardware implementing advanced features can be
added by using shields

® Ethernet, Bluetooth, 2G/3G, WiFi,...
@ Real-Time Clock
@ SD card
@© Audio, Display
®© High power relay
®© GPS
ON

® Most of the addons
use |12C or SPI| buses
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(® ESP32

@ 32 bit

® WiFi

@® Heltec ESP32 has embedded OLED screen socee .m.g m"ﬁ"r"“.
® Teensy3X dr RS ... =0\

® 32 bit, ARM Cortex s o o

® Lots of RAM (e.g. 96KB of RAM) s ee e s LIS

@® https://www.pjrc.com/teensy/

® Many boards are compatible with the Arduino IDE by installing
dedicated plug-ins

® It is always possible to use another IDE (Eclipse) but sometime
it is very difficult to make the setup
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P " \What about single-board computefsszi. -,

@® Single-board computers such as the well-known Raspberry P
are oftenly advertised as 0T devices

® However, as they are very powefull, their high energy
consumption make them not suitable in many loT applications

Go gle raspberry Pl loT A Q

Q Tous [DImages [ Actualités [ Vidéos (S Maps iPlus Parametres  Outils

python starter kit windows iot core java udemy smart projects internet sensor using raspberry windows 10

1BM Watson loT Platform using raspberry pi...
element14.com

in...  Building The (Internet of Things) IOT Using Ra.. ARM:-based loT Kit for Cloud loT ..
elprocus.com adafruit.com

Things Gateway
by Mozilla

. LEARNIOTANDPYTHONWITH

Windows RASPBERRY PI

@r Raspherry Pl
1t [ | ] 3
; |

i
@ .osuss Mupwny 3 aumesadws; @

o= e
Mozilla Project Things: IoT on Raspberry Getting Started with Win Internet of Things (loT) Automation using Learn loT and Python with Raspberry Pi - With AltS.
raspberrypiog  amazon fr udemy.com eventshigh.com

=Y
St N

‘+& - E Om ‘ 'o

IoT controlled Home Automation Pro. GitHub - davikawasakifiot-security-vulnerability: R...  Cloud loT step-by-step: Connecting Raspberry ... Raspberry Pi Internet of T.
circuitdigest.com github.com medium.com dexterindustries.com
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® Most of these single-board computers can run a complete
Linux-based OS with various connectivity features

® They are definitely suitable as low-cost, flexible, versatile 0T
gateways — s N
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@ loT course book from iot-open.eu
@ http://iot-open.eu/download/io1-introduction-to-the-iot/

@ Slides

@® https://github.com/CongducPham/tutorials/blob/master/L ow-cost-LoRa-
loT-step-by-step.pdf

@® https://github.com/CongducPham/tutorials/blob/master/L ow-cost-LoRa-
|oT-outdoor-step-by-step.pdf

® Videos

@®© Build your low-cost, long-range |oT device
@® https://www.youtube.com/watch?v=YsKbJeeav_M

®© Extreme low-cost & low-power LoRa |oT for real-world deployment
@® https://www.youtube.com/watch?v=2_VQpcCwdd8

@® Online tutorial/course
@ http://cpham.perso.univ-pau.fr/LORA/WAZIUP/tuto/index.html
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™ Additional materials/tutorials (2) wazi o

© Resources from Arduino Community

@ https://www.arduino.cc/en/Tutorial/HomePage
® Resources from Adafruit

@ https://learn.adafruit.com/
® Resources from Instructables.com

@ https://www.instructables.com/circuits/arduino/projects/
® Resources from hackster.io

@ https://www.hackster.io/arduino/projects
® Resources from makerspaces.com

@ https://www.makerspaces.com/we-love-maker-educators/
© Resources from circuit digest

@ https:/circuitdigest.com/arduino-projects
® Resources from Electronics Hub

@ https://www.electronicshub.org/arduino-project-ideas/
© And much more, just crawl the web!
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Continue with
F-IOT-3: Introduction to Arduino IDE
F-IOT-4: Low-cost & Open-source Technologies for Low-Cost loT
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