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= Electrical devices and Machines
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| ntroduction

= Need to know:
Internet of Things (loT)
Electrical engineering technology

= Applied science, technology
= Simple projects, fast to market

Lotfi BAGHLI  -3-



Controllers and communication

Microcontrollers, DSC

Interfaces and communications
Popular boards and shields

Some applications
applications, robots

data gathering,

medical
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Definitions
= uyC : microcontroller = Microprocessor (LP) +
memory + peripherals = PC in 1 chip
= DSP : Digital Signal Processor
« Microprocessor (uP), heart of a computer
* Additional hardware modules to accelerate some
computation operations: Some Of Product (SOP)

= DSC : Digital Signal Controller y =) coeff[i]* datali]
 Microcontroller (uC) + DSP engine in 1 chip b
 Combine the power and computation a DSP with
the memory and peripherals of a uC

 The DSC presents the optimal solution for the real
time control of embedded systems that requires
high computation.
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Memory
= FLASH : Program memory, 10k to 100k
Erase/Write cycles, Code protected

= RAM : Small but fast
= EEPROM : 5V, 100k to 1M Erase/Write cycles

PSV and Table

Data Access
Control Block ' Y Data Bus
Interrupt X Data Bus
Controller 4 PORTA
16 6 16
[ s dspic 33FJ128MC802
+ Data Latch | | Data Latch 3_3\/ —~ no EEPROM
PORTB
X RAM Y RAM
Program Counter
Stack Loo| Address Address
Control Contﬁal Latch Latch
Logic Logic
16 16 PORTC
Address Latch Address Generator Units
Program Memory Ren::ppable
ins
Address Bus
Data Latch ROM Latch
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PSV and Tabl

Data Access
Control Block

Interrupt

Address Latch

Program Memory

Data Latch

<
Controller ‘ T

Address Bus

ROM Latch

Instruction
Decode and
Control

Control Signals
to Various Blocks‘

Instruction Reg

DSP Engine

P

0SC2/CLKO| _Timing |, . [| Powerup
OSC1/CLKI | Generation Timer
Ha»| Oscillator
FRCILPRC Start-up Timer
Oscillators Power-on
Reset
Precision
Band Gap »|| Watchdog
Reference Timer
Brown-out
Voltage »
Regulgtor > Reset

b

L4

VDDCORE/VCAP VDD, Vss

Divide Support k-)

Y Data Bus >
X Data Bus
A PORTA
16
16
i 1° 16 DMA
+ Data Laten | | Data Latcn RAM
PORTB
X RAM Y RAM
Program Counter
Stack Loo| Address Address
Control Cont;%l Latch Latch 16
Logic Logic OMA
Controller
16 16 PORTC
Address Generator Units
Remappablel
Pins

16x 16
W Register Array

dspic 33FJ128MC802
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Perl pherals

= Digital Input / Output Lines, pull-up, Change Notification (CN), wake
= Analogue to Digital Converter (ADC), SOC sources, Interrupt.

= Digital to Analogue Converter (DAC)

= Timer / Counter units, prescaler, cascadables, WatchDog

= Pulse Width Modulation ( PWM), trigger ADC SOC
= Digital Capture Input Lines
= RTCC

= Communication Interface Units: Sl
« Serial Communication Interface (SCI) - UART
» Serial Peripheral Interface ( SPI) puey | loompar| - [eoant | [1mers | uagr | | avcr | |08
* Inter Integrated Circuit ( 12C) — Bus 4 @ z 5 z = =
« Controller Area Network (CAN) v v ¥ v v v v
RTCC DAC1 SPI1, 2| [IC1,2,7.8 CNx 12C1 DCl
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Perl pherals

For loT communication :
» Universal Serial Bus (USB)
» Local / Wide Area Networks (Ethernet)
» Wifi / Bluetooth (external)
* Nordic n24L01+ : 2.4 GHz, 1 to 2 Mbps in burst mode, appliances, toys
« Zigbee
- Zwave : automation, signal redirection
= Requires software or hardware stack:
- USB
« TCP-IP
« Bluetooth : 3, 4, BLE
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USB

= USB mode:
» Device mode : CDC, HID (Keyboard, Mouse)...
* Host mode
* On-the-Go (OTG)

= Microchip Libraries for Applications (MLA)

= Port COM over USB :
« FTDI 232RL, 2xxx (Arduino example)
« MCP2200
« Ch340, CP210x (Arduino clones example)

U6
2 osct D+ [—2Q o+ cs
4 i 17 & :
i ’ST wuse 110 vuse 100 JOICNA/RPOIC2INZAN2EMUD1/PGD1 :8
——| GPT/TED GPISSPND [—= HICNS/RP1/C2INHANVEMUC1/PGC1 PGC
| RE2/CNE/RP2IANA [——————(O UART1_TX
=] es &8 [ 20 uarri_cts RBICN7/RPUANS TO IR3
o] &°2 RX [—T0) UART1_TX RB4/CN1/RP4/SOSCI 7 UART1_CTS
™ RS UARTI_RTS RBS/CN27/RPS/ASDATEMUDSPGDS [—=.0) UART! “RTS
CF3300 RBG/CN24/RPE/ASCLI/EMUCI/PGC3
RB7/CN2YRP7/INTO :g seichih QEA_Left
s o RBS/CN2Z2/RPY/SCL1/PWM2H1TCK [ QEB_Leht
. « M) o RBWCN21/RPY/SDA VPWN2L1/TDO |— QEB |
8 o 8 o 8 HERP1/PWMIHATOVEMUD2PGD2 (51 QEAS
X1 x 15/RP11/PWMILATMSEMUC2PGC2 —28 Enable
gl . . RBI2CNIARPIZPWMIFR [—20) PWM2H
L Cmm RBIFCNIARPIZPWMIL2 [0 PWM2L
s I e RBI4/CN12RPI4FPWMIHT [—S20) PWM1H
T = T 2 zzp zzp RB1SCN11/RP1S/PWMILT PWMIL
o

Audio - Microphone
[Bootoader
|cDC - Basic

| HID - Digitizer Multi Touch

PGEDY/SOSCL/CIIN3f{HID - Joystick |

Y/SOSCO/C3IN1-/T1ICK/

0SC1/

oo wouse |
AN24PWMIL/PMD

AN2SPUMIHPMD]IVSO -intemal Fash |

AN26/PWM2L/PMD]

A:hzzg,;%ﬁ?& |Vender Class - Basic

AN29/PWM3H/PMD

AN30/PWMAL/PMD O FrTS®
AN31/PWM4H/PMD7/RP87; RE?

VCMPST1/RP96/RFO
VCMPST2/RP97/RF1
USBID/RP99/RF3
SDAYPMA9/RP100/RF4
SCL2/PMAS/RP101/RF5 4

D+RG2 |37 OTG_D+

D-/RG3 |20
C1IN3-/SCK2/PMAS/RP118/RG6 4
C1IN1-/SDI2/PMA4RPI119/RGT
C2IN3-/SDO2/PMA3/RP120/RGS J
C2IN1-/PMA2RPII21/RGY

uss_vpDs

miniUSB
VCAP
Vss
VsS ELIe
ves [HUEZEN0
AVSS




B lueto Oth . l SIS abSerial AT Command Set
Application and/or Custom Application

= Port COM over BT: Uaparapl e -

- SPBT2632CA
GAP SPP iAP
. BC'O4 SDP RFCOMM = Upper layer Stack + BT
Profiles: Amp'edUP
+ RN41 L2CAP
HC
« LMX9838 :
HE WFUART & mm i m i e i o i 5 -
L
HCI
Lower Layer BT Stack
LMP Bluetooth Controller

AM11151v1

PEjsnpision
11111114155

. 28.MASTER/SLAVE

. 27.SW/HW
- 26.CLEAR

- 25.MCU-INT
s 24.LED
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Bluetooth

Port COM over BT;

LMX9838




Wif
- MRF24WGOMA :

 SPl interface

* Microchip Libraries for Applications (MLA)
software stack on the host

= ESP 8266 01/12/14 and a new ESP32
* UART interface
__+ Embedded TCP-IP stack

¥l

o

'''''''''''
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Others

Nordic n24L01+ : 2.4 GHz, 1 to 2 Mbps
mode, appliances, toys, R/C

Zigbee : 868, 915 MHz, 2.4 GH
CC1101 : Multiple frequencies , |
Zwave : ZM3102

In burst

* Home automation
» Multiple frequencies / pays

ZM3102N

EU 868.4 MHz /
US 908.4 MHz /
HK 919.8 MHz/
NZ 921.4 MHz /
AUS 921.4 MHz

12 13 14 15

16

Lotfi BAGHLI
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Gyroscope
= MEMS Technology

= Analog or Digital
output (SPI / I2C)

= Measure angular
accelerationon 1, 2
or 3 axes

= Embedded
applications
(Quadrirotor,
Segway...)

Lotfi BAGHLI -15-



IMU

= MEMS Technology

= Accelerometer + Gyro 3
axes (MPU-

= Magnetomet
(HMC5883L)

= Altimeter (MS
resolution 10:

e

EEEE=T
=
\

1
l': 1 L——-‘, o wver]
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Choice criteria e

= Test board and components prices o
| PerfOrmanCeS 8/1 6/32/ bits, MHZ, FPU,(ADSF?O) v A2 UpmadiéRigode DeAbuggei tt.A
= Development tools: free, easy to

ST, =
debugging, HMI Nore_rss
= Simulation and rapid prototyping tools: circuit.io,
Fritzing, Altium, Eagle, Proteus

= Popularity: forums, tutorials, user's guides,
application notes

= Usage categories:
* Initiation to microelectronics (uC) _
 Student projects / college: robots, interactions,. i ;3| e

- Master and research in EE: Machine control;:Power
electronics, communication, loT

Lotfi BAGHLI -17-
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Categories

Componants Development boards
« 8 bits : AVR, PIC 18F, MSP430 « 8 bits : Arduino Uno, nano, Lily pad,
- 16 bits : PIC 24F, dspic 30F, 33F, 33E LaunchPad MSP430, Mplab Xpress
- 32 bits : PIC 32, Piccolo F28027F / PIC18855
F28069M, Delfino F283xxx, STM32, * 16 bits : Curiosity PIC 24F, dspic 30F,
Cortex M3, M4 33F, 33E
- Requires circuit board « 32 bits : Teensy 3.2, Node MCU,

ESP8266, ESP32, Wemos, MBed
- C tor et ICSP, JTAG, ISP , : : ,
A\c;rén.eg for gogrl(jgsrs;ner ( STM32 nucleo, LaunchePad C2000

- Quartz+2C, PB, LED, Connecters, Pads ’ : Raspberry Pi3, Pi zero

- Optimal solution / hit market: Size and cost Best price: 3 to 45 USD
e - Ready to use, rapid prototyping, Boot
S - loader, USB
.+ Format DIL (Mbed, STM, Arduino
- nano, Teensy) nucleo, Launch XL,

Arduino uno

4% | - Shields : LCD display, OLED, 7-seg., Wifi, -s-
BT, DHT, Motor drivers, light, customize




Arduino 8 hits

= UNO : AVR ATmega328P, 5V, 8 bits, 16 MHz, Flash 32 kB (0.5
kB used by boot loader), SRAM 2kB, EEPROM 1 kB

® Nnano : AVR ATmegaBZSP, oV 5-20 USD
m Lilypad : AVR ATmega328, 2.7-5.5 V
m Shields

5-20 USD

-
AV
DIGITAL (PWM~) E &

" e ey O00A

(mxsoana) @2 o 3

https.//learn.sparkfun.com/tutorial s'what-is-an-arduino Lotfi BAGHLI -19-
https://www.arduino.cc/en/Main/ArduinoBoardUno el S S
http://www.arduino.org/products/boards/arduino-nano



Arduino 8 hits

m Nano : AVR ATmega328P, 5V, 8 bits, 16 MHz, Flash 32 kB (0.5
kB used by bootloader), SRAM 2kB, EEPROM 1 kB

¥ A csp
[y

[rcavrs7)[ TXD [ PD1 | El#——@® ¥ 50—
[rease] [ RXD | [PD@ E——® | © % 50 o——fany
lpcn14)|RESET) [ PC6 B E)——e | ' ] o——FL]/ PC6 RESET)/ecint1a]
FEDBY——-e  27x Rx PR L3
[ecovris(INTO)(PD2 JE—® |08 " % ™ ™% ADC7/
(0C2B] v INT)[PD3 BB\ ® 08— = rst . 2 5
[ XCK Jpcvizo)f To j/ PD4 |EF——®) 5 2
[0CéB)lrcvr21] T1 ]/ PD5 BN\ @ ©2 :
[0CeAfrcovr22)|AING) PDE T\, @ .3 e
[cavr23]|ATNT [ PD7 | EBF——@ | © 5 o
[ICP1]/ecevre |(CLKO) [ PBO | FE——@ | © 8 g
[pcovr1 |OCIA( PBT JEE}-\ @ | © 8 P
(35 J[ecvz)(OCIB] [ PB2 -\ @ | © 2 3
[MOST)/pcovs [ OC2 [ PB3EFN\ @ O3 T 3
[MISO)/pcovrs | PB4 [iTF—@ © & 2

)
' HH ' 4 0=




L aunchPad 8 bits

= MSP430 : MSP-EXP430G2 : 16kB Flash, 512B RAM,
interruptible GPIOs (capacitive sense-capable), 16-bit timers, 8ch
10-bit ADC, Comparator, Serial Communication (USCI — [2C, SPI
& UART) & more

m Courses: MOOC

9.99 USD

http://www.ti.com/tool /M SP-EX P430G2 b i
https://dev.ti.com/bpchecker/  verify BoosterPack compatibility O BACHLESw o
http://pyrochat.github.io/mooc-1ed/cours/106/microcontrol eur.html



Microchip 8 bits

= MPLAB Xpress : PIC16F18855, 14kB Flash 17.00 USD
= MPLAB IDE ou Xpress (cloud based IDE)

= MPLAB Code Configurator
m Curiosity : 8-, 14-, 20-pin 8-bit PIC, Integrated ol Rt

£s ptcssr19855 /4

Programmer/Debugger with USB Interface
20.00 USD

JIIFn eeE_ 20

A |

http://www.microchi p.com/mplab/mplab-xpress : i
http://www.microchip.com/Devel opmentTool§/ProductDetail s.aspx ?PartNO=DM 164137 G aE



Microchip 16 bits

m Curiosity : , PIC24FJ128GA204, BM71
Bluetooth LE module footprint 25.00 USD

AN/RAO0  RB10/PWM
RST/RA1  RB7/INT

CS/RC3 RBS/RX

: SCK/RC4  RB6/TX

~ | WISO/RB8 RB3/SCL
' .| VOSVRBS RB2/SDA

MICFIOCHIP o J Lo o

A )"

* o

cecssssevene
BnwpYe*essseeens
cNoQ*eeseseeesesse

ll.illcl&;:,..' . . WD.'.‘.......

o rm”'}l“ﬁ',. K . . mfl‘ ?'- ! . -: :f= Evﬂ El @g
i o7 PIC24F Cunosnty .Li"i, Bi5ot:
Development Board PRI XL

oo M 0

555 8 : . MENG-RA9 RA10- N

‘-”0 9333822 : MY LEDY LED2 v vem-
z - R0 ™Y "R

-

uL‘l

R4 WY

-
-
-
-
P
e
—
-
P

-
-

R&.

http://www.microchip.com/Devel opmenttool s/ProductDetail s.aspx ?PartNO=D M 240004 Lotfi BAGHLI  -23-




Arduino 32 hits

s MKRZero : SAMD21 Cortex-M0+, 3.3V, 32-bit ARM, 48MHz, SV in,
Flash 256 kB (8 kB used by bootloader), SRAM 32kB, no EEPROM

20.90 €

https://www.arduino.cc/en/Main/ArduinoBoardMKRZero Lotfi BAGHLI -24-



Teensy 32 bits

| Teensy 3.2 : 32 bit ARM Cortex-M4 72 MHz, 256K Flash, 64K RAM,
2K EEPROM, 21 Hi-Res ADC, 34 1/0,12 PWM, 7 Timers, USB, 3
UARTs, SPI, 12C, 12S,CAN Bus, IR modulator, 12S, RTC, 16 DMA,
Touch Sensor Inputs 20 USD

m [eensy 3.6 : 32 bit ARM Cortex-M4 180 MHz FPU, 1M Flash, 256K
RAM, 4K EEPROM, uC MK66FX1M0OVMD18, 25 Hi-Res ADC, 2 DAC,
62 1/0, 22 PWM, 14 Timers, Hi speed USB, 6 UARTSs, 3 SPI, 4 12C, 12S,
2 CAN Bus, Ethernet mac, microSD, IR modulator, 12S, RTC, 32 DMA,
11 Touch Sensor Inputs, CRC 34 USD

.....Q.O.....
:IIIIH (HHEHY dav

e

S hmes
E@l MK 55; s: MD18 :IEIL. . ':‘.“"

® iSimn i GHO © @@ &
s0c000OOOOOOREe®

Teensy 3.2

\ CTAE1544C i

https://www.sparkfun.com/products/13736
https://www.sparkfun.com/products/14058

Lotfi BAGHLI
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wemos

= \Wemos D1 mini Pro : ESP8266Ex, Wifi, antenne pcb + FLU,
11 1/0, 1 Analog (3.3V), Interrupt/pwm/I2C/one-wire,16 MB Flash

= Shields: Relay, barometer, DHT, RGB LED, microSD, DS18820

0 0000000
« F

D
8 9 3@ RST
-, - ==
; RE A LI |
: a3
LU
'

17.78 USD

e D0l minmiPro
Based ESP-8266F. X

WEMOS. CC

HESET 333 S 8 5 8 Zesy

[ e 000060600
http://www.banggood.com/Wemos-D1-Mini-Pro-16M-Bytes-External - A ntenna-Connector-p-1107484.html

Lotfi BAGHLI
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NodeM CU

NodeMcu Lua WIFI Internet of Things development board based on
ESP8266 Wireless Module with CP2102 UART/USB interface

5.26 USD

http://www.banggood.com/NodeM cu-L ua-WI Fl-I nternet-Things-Devel opment-Board-Based-ESP8266-CP2102-Wireless-Module-p-1097112.ntml ~ Lotfi BAGHLI  -27-
http://www.fais-|e-toi-meme.fr/fr/el ectroni que/tutoriel/programmes-ardui no-executes-sur-esp8266-arduino-ide



Wemos Lolin32

=@ o GND
= WIFI, BT BLE, 4 MB Flash, Lithium neser-—en B8 .
battery interface VP---AQ--- - RX
VN---A3--- - 3.3V
= Internet of Things development Touch9---Ad--- . 3 22--PWM---sCL
board based on ESP32 with Touchg---A5--- E 21---PWM---SDA
UART/USB interface sl = ) CND
A7--- ® Coommrmmmepp GND
DAC1---A18--- - Co . 2 19---
DAC2---A19--- i e n RESET @ 23 PWM---
Touch7---A17---P . |1 - 18---PWM---
............ Touch6---A16--- . 5‘ " 5eee-PWM---"5-----LED
Touch5---A15--- . 7 oty EOL‘INaz L ]3.3V
NS Touch4---A14---F 2 8 “j .Ui'B.B 17---
JFLasH 16---
e 4---- ---Touch0
0---- ---TouchT
GND
: 3 2----P ---Touch2
B 15--- ---Touch3

]

DAC Digital Analog Power
. AT Serial 12C Touch

S

https://fr.aliexpress.com/item/WEM OS-L OL IN32-L ite-V 1-0-0-wifi-bl uetooth-board-based- ESP-32-esp32-Rev 1-MicroPython-4M B/32831394824.htm Lotfi BAGHLI  -28-
https://fr.aliexpress.com/item/4-M B-Flash-WEM OS-L olin32-V 1-0-0-WI FI -Bl uetooth-Car d-Based-ESP-32- ESP-WROOM/32823891656.html




L aunchPad C2000

LAUNCHXL-F28027F
Real time MCU with
InstaSPIN-FOC motor control
software.

*  Featuring the 32-bit
C2000 TMS320F28027F
MCU @ 60MHz, 64kB
Flash / 12kB RAM.
InstaSPIN-FOC enabled.

. Includes 8 PWM channels
(4 high resolution), 12-bit
4.6 MSPS ADC, 3x 32-bit
timers, temperature sensor,
comparator.

. Motor control software in
ROM implements
InstaSPIN-FOC solutions
for 3 phase motors.

17.00 USD

LAUNCHXL-F28069M
High performance controller
with InstaSPIN motor control
software.

+ Featuring the 32-bit C2000
TMS320F28069M MCU @
90MHz, FPU, 256kB Flash /
96kB RAM. InstaSPIN-MOTION
and InstaSPIN-FOC enabled.

* Includes 16 PWM channels
(8 high resolution), 16 channel
12-bit 4.6 MSPS ADC, 3x 32-bit
timers, 6 channel DMA,
temperature sensor.

* Motor control software in

ROM implements InstaSPIN-
FOC and InstaSPIN-MOTION
solutions for 3 phase motors.

24.99 USD

LAUNCHXL-F28377S
High performance device for

real-time control and signal
processing applications.

+ Featuring the 32-bit Delfino

MCU TMS320F28377S: @ 200
MHz, FPU, 1MB Flash / 164kB

RAM with ECC.

* Includes 24 PWM channels
(16 high resolution), 4x 16/12-
bit ADC, 3x 12-bit DAC, 3x
eQEP modules, 169 GPIO
pins.

* Includes CLA real-time
control coprocessor to respond
to peripheral triggers and
service time-critical functions.

29.99 USD

‘;l

W
S

LAUNCHXL-F28379D
Dual Core MCU with highest
level of peripheral integration
in C2000 product family.

» Featuring

the TMS320F28379D: dual 32-
bit Delfino MCUs @200MHz,
FPU, 1MB Flash/164KB RAM.
Position Manager Enabled.

* 4 16/12-bit ADCs with on PCB
instrumentational amplifiers. 3x
12-bit output DACs and 8
windowed comparators for
asychronous output triggering.

+ 24 PWMs (16 high resolution),
6 eCAP modules mapped to any
GPIO,and 3 eQEP modules. 8

Sigma Delta Demodulator Inputs.

33.79 USD

Lotfi BAGHLI
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L aunchPad C2000

= LaunchXL-F28027F QuickStartGuide
= LaunchXL-F28027F HW Exp guide

®  http://www.ti.com/Isds/ti/tool s-software/l aunchpads/l aunchpads. pagetperf ormance

JTAG Emulator Serial
: Circuitry TX/RX
USB Connection LEDs
JTAG
Isolation
Jumpers:
JP1 and JP3 Jumper: JP2
20 PCB Pins
S4 Serial (doubled-sided male connectors)

Connection Switch § .

Pre-Programmed C2000

|5 Piccolo TMS320F 28027
S1 Boot o TP MCU
Selection Switch : 3
J : RS Programmable
CPU Reset s o ee? Y INSTRUMENTS ; Push Button:
Push Button [ 3 i s GPIO12

Blosy '"{ n' h, vl
[ &1: -'-.-:‘a

Four LEDs

Real time MCU with
InstaSPIN-FOC motor
control software.

* Featuring the 32-bit
C2000 TMS320F28027F MCU
: @ 60MHz, 64kB Flash /
12kB RAM. InstaSPIN-FOC
enabled. No FPU

* Includes 8 PWM channels (4
high resolution), 12-bit 4.6
MSPS ADC, 3x 32-bit timers,
temperature sensor,
comparator.

*  Motor control software in ROM
implements InstaSPIN-FOC
solutions for 3 phase motors.

Lotfi BAGHLI  -30-



L aunchPad C2000

= Pjccolo™ ControlSTICK
= Explications

LED LD1 LED LD2 TMS320F28027
(Power) (GPIO34) 48-Pin Package

jce e* 't, 1 Jl P
Ej\\l\kﬁgﬂ '\ - '
vweos 20 )

USB JTAG On-board USB Peripheral
Interface & Power JTAG Emulation Header Pins
39.00 USD

Lotfi BAGHLI
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L aunchPad C2000

= LaunchXL-F28069M QuickStartGuide
= LaunchXL-F28069M User s guide

= BoosterPack plug-in
= BOOSTXL- ' . :tri-phase inverter 10A, 6-24V

trin
i1

!."“

LR ..‘;mi (I

—

Lotfi BAGHLI -32-



L aunchPad C2000

= BoosterPack plug-in (XL : 2 rangés x 2)
= BOOSTXL- : Onduleur triphasé 10A RMS, 6 - 24V
= BOOSTXL- : Onduleur triphasé 15A RMS, 4.4 - 45V
= BOOST- : Bipolar stepper motor drive 4.5A, 8-52V

Nokia 5110 LCD

%’;&i’%?

% N
%v JJJ, .

49.00 USD

Lotfi BAGHLI  -33-



Rasbperry Pi

= Pi 3 :1.2GHz 64-bit quad-core ARMv8 CPU; Wifi 802.11n,
Bluetooth 4.1 BLE, 1GB RAM, 4 USB ports, 40 GPIO pins, HDMI,

Ethernet, 3.5mm audio / c-video, Camera interface (CSl), Display
interface (DSI), Micro SD card slot

m Pizero : 1Ghz, Single-core CPU, 512MB RAM, mini HDMI and
USB OTG, Micro USB power, HAT-compatlbIe 40-pin header

Respberry 1 3 Model B V3.2 CJ08 =~ EE
© Respderey 'i 2015

Mede in the WX

“
é au s auan

&
=" ll!
FCC 10: 2ABCH-RP132

48 €

Lotfi BAGHLI -34-
https://www.raspberrypi.org/magpi-issues/ https://www.raspberrypi.org/products/pi-zero/



Devel opement tools

m Arduino IDE 1.81

= MPLAB X 3.50 + Monitor : Putty et
m Code Composer Studio (CCS) 7 kel

m GCC (Raspberry Pi)

m Logic analyzer (SPI, UART, 12C, CAN)

00 & Saleae Logic - [Disconnected]

476600 ps

G S s S Al e L o o A S S R e

0 - Channel 0 . ¥ Measurements
I i

1 - Channel 1 2 - 5| ‘ idth: 5.5000 ps
- - = | 16.6250 ps
2 - SDA - Frequency: 60.150 kHz
! ’ : 0.4766145833 s

= = e = Gespaga
| T1 -T2 | = 32.1667 ps

4 - Channel 4

— ¥ Analyzers
| 5 - Async Serial ¥

6 - Channel 6
Async Serial

Lotfi BAGHLI  -35-
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€ IMUWifi | Arduino 1.8.1 - a X
File Edit Sketch Tools Help

TOOI OO0 BEK

Seria

= Arduino IDE
= Monitor

(wakes up the

& comn - ] X
Send }
!closing connection R Caunt =40
;a.cx = 4296 | AcY = 248 | AcZ = -16916 | Tmp = 27.73 | GyX = -378 | GyY = 79 | GyZ = 46 WifiDs = 0;
AcX = 4484 | AcY = 532 | AcZ = -16500 | Tmp = 27.87 | GyX = -612 | GyY = 339 | GyZ = &4
AcX = 4852 | AcY = 712 | AcZ = -16624 | Tmp = 28.06 | GyX = -345 | GyY = 53 | GyZ = 72
[AcX = 4824 | AcY = 736 | AcZ = -16788 | Tmp = 28.11 | GyX = -321 | GyY = 31 | GyZ = 43
AcX = 4888 | AcY = 692 | AcZ = -16748 | Tmp = 28.29 | GyX = -383 | GyY = 117 | GyZ = 65
connecting to
[Requesting URL: 2t=1ad=15ax=4E88ay=69252=-16748atm=28.29ch=-323
HTTP/1.1 200 OK
Server: nginx
Dat Fri, 20 Jan 2017 23:01:40 GMT
Content-Type: text/html
[Content-Length: 0
onnection: close
F—FDHE:Ed—By: PHP/5.4.44
|cle51ng connection
?CX = 4828 | AcY = 728 | AcZ = -16748 | Tmp = 28.58 | GyX = =373 | GyY = 64 | GyZ = €5
AcX = 4744 | AcY = 700 | AcZ = -16700 | Tmp = 28.58 | GyX = -364 | GyY = 96 | GyZ = 40
ﬁcx = 4900 | AcY = 720 | AcZ = -16816 | Tmp = 28.77 | GyX = -326 | GyY = 68 | GyZ = 37
AcX = 4776 | AcY = 724 | AcZ = -16740 | Tmp = 28.81 | GyX = -346 | GyY = 35 | GyZ = 40
JAcX = 4660 | AcY = 704 | AcZ = -16764 | Tmp = 29.09 | GyX = -343 | GyY = 53 | GyZ = 56
}connec:mg t
[Requesting URL: php?t=15d=20sx=4660sy=70452=-167645stm=29.09sh=-343
[HTTE/1.1 200 OK
[Server: nginx
|Date: Fri, 20 Jan 2017 23:01:46 GMT
[Content-Type: text/html
lcontent-Length: 0
onnection: close
[X-Powered-By: PHP/5.4.44
|
[closing connection
?cx = 4892 | AcY = 612 | AcZ = -16544 | Tmp = 29.28 | GyX = -383 | Gy¥Y = 92 | GyZ = 35
%cx = 4884 | AcY = 740 | AcZ = -16720 | Tmp = 29.38 | GyX = -383 | GyY = 122 | GyZ = 55
| v
I >
Autoscroll BothNL&CR 115200 baud

https://www.arduino.cc/en/Main/Software




Tools wmpLAB X

E3 MPLAB X IDE v3.50 -
Eile Edit View Navigate Source Refactor Run Debug Team Jools Window Help

o

x

[Q search (Cti+])

PEES DO e VT -HP-R-R-UR-D00EEETHE [

L 8 }n:uxw‘ |oabsabdapcnwzc| (B Howdor[ -

[«

~

() 2 |[Fmainc x| interupts.c x| @ system.c x| T myvartc x| @ mainc x|

g Soxce |Hstoy @ B-H-QATHFEL PR (00 6|4 I
@ [ #include

E 17 $include
18 #include

_% @ #include

o 20 #include

@ 21 $#include "pleds.h

é 22 #include "sst_helper.h"
23 //#in je "HWP EX16 MRF24W XCi6.h"

i @  #include
25
26
27 #pragma config AWRP = OFF // Au s gmer e-protect
28 #pragma config APL = OFF ~protect
29 #pragma config APLK = OFF / Au
30 /! F

31 #pragma config ICS = PGD1
32 #pragma config RSTPRI = PF
33 f#pragma config JTAGEN = OFF
34 // EPOR
35 fpragma config FPWRT = PWR128
36 fpragma config BOREN = ON
37 fpragma config ALTI2C1 = OFF
38 // FWDT

* | Naviga... l EI. 39 #pragma config WDTPOST = PS32768
40 #pragma config WDTPRE = PR128
9g Project Type: Appli 41 #pragma config PLLKEN = ON

Device 42 #pragma config WINDIS = OFF
C@ROPICIEP] || 43 soragma config FWDIEN = OFF
b5 @ a'd:" : Del 4 // FOSC -> PLL 10MHz
XC16 (v1.30) [ 45 #pragma config POSCMD = XT
Debug Image: 46 #pragma config OSCIOFNC = OFF

47 #pragma config IOL1WAY = OFF
48 #pragma config FCKSM = CSDCMD
49 // FOSC

irite-protect

Monitor are disabed

] )}
Wiim | 2 (@

{88 Data Used; 50|  #pragma config FNOSC = PRIPLL // r (XT, HS, EC) with PLL)
& & Program ‘-74ﬁ 51 #pragma config IESO = OFF /7 r-selected oscillator sourc
| I T 52 // -
| {88 Program Us =
E“WT;"" 53  fpragma config GHRP = OFF
| @) PICHt3: BUR13 54 #pragma config GSS = OFF =l
2 % Debug Resources 55 #pragma config GSSK = OFF is Disabled)
@ Program BP Use 56 L? ik
@ DataBP Used: 57 // DSPIC s v
O DataCapture B |["gupput x =
O Unlimited BP (S 1 I -
() Debug Tool Reg || Project Loading Wamning x  Configuration Loading Error x  PICKIt3 x4 (Build, Load, ) x Debugger Console x
Running ~
Halting...
2 5 Target Halted
v

e e e U MR a2 S A T | R AL B

— TP =R =0

SHLI
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ToolS code Composer Studio

o ti- Debug - Example_F2802xLaunchPadDemo/Example_F2802xLaunchPadDemo.c - Code Composer Studio - O X
File Edit Source Refactor View MNavigate Search Project Run Window Help

iBrHR O -R-BIBIR (UMD E IO Qi@ i AiE Gy

[eiaeesd| 8 | © @ % B |

[ Example_F2802x.aunchPadDemo.c 53 = 8 | @Teminal 12 B | GBI E D ®= 0| %E0u. =V %8 6. X HiRe. = O
~ B Serial COM16 (21/01/1700:41) 33 | L0 RRB st -
77.void main() g : k i | Expression Type Valu A
volatile int status = @; ()= encHandle->enc_elec_angle  unknown iden
volatile FILE *fid; (9= gMotorVars.Flag_enableSys unknown iden
(9= gMotorVars.SpeedRef_krpm  unknown iden
g:t—:::giz mygﬁ" : ()= gMotorVars.SpeedQEP_krpm  unknown iden
moE_Handlem:th;g 3 ()= gMotorVars.Speed_krpm unknown iden
(9= gMotorVars.Flag_Run_ldentify unknown iden
// Initialize all the handles needed for this application (9= EnableFlag unknown iden
myAdc = ADC_init((void *)ADC_BASE_ADDR, sizeof(ADC_0bj)); ()= SpeedRef GRkrDw iderr
myClk = CLK_init((void *)CLK_BASE_ADDR, sizeof(CLK_0Ob3j)); T T
myCpu = CPU_init((void *)NULL, sizeof(CPU_Obj)); 08+ spead Speadhpm hknown! i
myFlash = FLASH_init((void *)FLASH_BASE_ADDR, sizeof(FLASH_0bj)); ©9= RunMotor unknown iden
myGpio = GPIO_init((void *)GPIO_BASE_ADDR, sizeof(GPIO_Obj)); (9= currentTemp int 38
myPie = PIE_init((void *)PIE_BASE_ADDR, sizeof(PIE_Obj)); ()= referenceTemp int 37
myP1l = PLL_init((void *)PLL_BASE_ADDR, sizeof(PLL_Obj)); 9 encHandle->speed_Ipf_out unknown iden
mySci = SCI_init((void *)SCIA_BASE_ADDR, sizeof(SCI_Obj)); S-enc Frr— e
myWDog = WDOG_init((void *)WDOG_BASE_ADDR, sizeof(WDOG_Obj)); .
= - - i (9= temp unknown iden
// Perform basic system initialization ()= delta_enc unknown iden
WDOG_disable(myWwDog) ; (9= enc_val unknown iden
(l‘.l(_er‘lableAdcclock(llyclk); ()= t_AngleQEP unknown iden
(*Device cal}(); (9= t_SpeedQEP_krpm unknown iden
//Select the internal oscillator 1 as the clock source = t Speed_krpm unknown iden‘
CLK_setOscSrc(myClk, CLK OscSrc_Internal); ()= thetas_angle_pu unknown iden
| Texas Instruments | Press S3 to begin | 09 KV f unknown iden
// Setup the PLL for x1@ {2 vjhi:h will yi.:?lc'i SeMhz = 18Mhz * 18 / 2 Current Temperature:nchpad | | demo (9= WmMesure_int32 unknown iden
PLL_setup(myPll, PLL Multiplier_12, PLL DivideSelect ClkIn_by_2); 37 Celcius = Ref + 0 37 Celcius = Ref + 0 37 Celcius = Ref + 0 37 Celcius = Ref + 0 37 - WmMesure Urkrown iderr
Ref + @ 37 Celcius = Ref + @ 38 Celcius = Ref + 1 37 Celcius = Ref + @ 38 Celcius = R 9+ SpeedQEP K ident
// Disable the PIE and all interrupts Celcius = Ref + @ 37 Celcius = Ref + @ 38 Celcius = Ref + 1 39 Celcius = Ref + 2 38 Ce . 9pee! -pu HEENOWE iacl
PIE_disable(myPie); F + 1 38 Celcius = Ref + 1 37 Celcius = Ref + @ 38 Celcius = Ref + 1 38 Celcius = Ref ©9= OldOut unknown iden
PIE_disableAllInts(myPie); cius = Ref + 1 38 Celcius = Ref + 1 39 Celcius = Ref + 2 39 Celcius = Ref + 2 39 Celci (9= Countlndex unknown iden
CPU_disableGlobalInts(myCpu); 2 38 Celcius = Ref + 1 39 Celcius = Ref + 2 38 Celcius = Ref + 1 38 Celcius = Ref + 1 9= CountindexMax unknown iden
CPU_clearIntFlags(myCpu); s = Ref + 1 38 Celcius = Ref + 1 38 Celcius = Ref + 1 39 Celcius = Ref + 2 39 Celcius 0= limit_integral_range FrEEr—
38 Celcius = Ref + 1 39 Celcius = Ref + 2 38 Celcius = Ref + 1 IntN 1 K =T
// If running from flash copy RAM only functions to RAM (= ADC_IntNumber_ et iden
15 #ifdef _FLASH (9= ADC_IntNumber_1 unknown iden
memcpy (&RamfuncsRunStart, &RamfuncsloadStart, (size_t)&RamfuncsLoadSize); ()= currentTemp int 38
17 #endif (9= referenceTemp int 37
// Initalize GPIO N=! unknown !den'
// Enable XCLOCKOUT to allow monitoring of oscillator 1 v ®=j unknown iden v
> >

B Console %] Tasks |¥] Problems () Executables % Debug i3
v &¥ Example_F2802xLaunchPadDemo [Code Composer Studio - Device Debugging]
v o Texas Instruments XDS100v2 USB Debug Probe_0/C28xx (Suspended)
= G/ I

Connected - Encoding: Default (1S0-8859-1)

ite_gitorious_dev/device_support/f2802x/version/f2802x_ / /F. f

.asm:110:1308() at F2802x_asmfuncs.asm:110 0x00801C (SC:/controlsuite_gitorious_dev/device_support/f2802x/version/f2802x_common/source/F2802x_asmfuncs.asm:110:13

®|i+ = 8



TOOIS BoosterPack Checker

BoosterPack Checker-T X

& C | & Secure | https://dev.ti.com/bpchecker/#

Happs A WO MMz L& BB &£ B ¥ pm <«€p8 «Achos Y HD2 “wAsus ¥ MK [ TPLink

BoosterPack Checker

New

Open

Bl - o x

w OB B & :

G PP R (@ MEDIATOME ¥ miDonkey » Other bookmarks

Save About

Home Library
LaunchPads &) BoosterPacks
Keyword:

Category:| All v
Maker: | All v
Show Community Boards
Compatible BoosterPacks 3]

Dual Brushed DC Motor BoosterPack
By Texas Instruments | More Info
Selected

Evaluation Module for TPL0501

ﬂ By Texas Instruments | More Info
-~

MSP430 LAUNCHPAD 8X8 LED MATRIX
By Olimex

More Info

B
12-bit 1 Channel SAR Analog to Digital
Converter Evaluation Module
By Texas Instruments | More Info o
12-bit 8 Channel Digital to Analog
Converter Evaluation Module

By Texas Instruments | More Inft
12-bit 8 Channel SAR Analog to Digital
Converter Evaluation Module
More Info o
12-bit, 1-channel, 8us settling time, Serial
Interface DAC Evaluatlon Module

By Texas Instrumenzs

NIPS.//0ev.u. com/npcneCKer/

By Texas Instruments

Compatibility Checker Add BoosterPack +

Compatible?

Reason: Selected combination is Compatible (with warnings). [Show Notes]

™ Buy Now | & Cloud Tools | < Share My Combo

— My Selections | All | LP Only

[ BP1 | ' Dual Brushed DC Motor BoosterPack

‘ MSP-EXP430G2

w Connector #1 (20 Pins) o

Buy Now | More Info | Remove

., 0 Pin Summary
o o pin: (BB > Function: [y > Instance: [ > GPIO:
93 e Pin Status
*, ®q7 =] - used by BOOST-DRV8848
= udil Pin Usage
bl ®1s » [BOOST-DRV8848] > Function: gpio > Instance: AIN2

Comment: LP pin can be GPIO or PWM depending on the motor control capabilities required.

HLI

-39-



TOOIlS BoosterPack Checker F28027F

- o X
BoosterPack Checker-T X
& C | & Secure | https://dev.ti.com/bpchecker/# w O B B & :
Happs A Nwio A MM ez & m ﬁ & [ %'pm <« P8 <« Archos ¥y HD2 “w Asus ¥ MK TPLink & P2P E (@ MEDIATOME ¥ miDonkey » Other bookmarks

BoosterPack Checker New  Open Save  About

Home Library Compatibility Checker Add BoosterPack +
LaunchPads @) BoosterPacks
Compatible?
Keyword: |drv
Category: | All b Reason: Selected combination is Fully Compatible! (Sho

Notes]
Maker: | All v
- ™ Buy Now | & Cloud Tools | < Share My Combo

Show Community Boards

— My Selections | All | LP Only

Compatible BoosterPacks 1] Buy Now | More Info | Remove
BOOSTXL-DRV8305EVM m BOOSTXL-DRV830SEVM
B By Texas Instruments | More Info
Selected
Buy Now | More Info | Remove
Incompatible BoosterPacks
7 LP LAUNCHXL-F28027F
DRV8301 Motor Driver BoosterPack i) 0
By Texas Instruments | More Info o
¥ Connector #1 (40 Pins) o

., @ ea0ll ®20 Pin Summary

2 40 2

., |2 | pin: 2 > Function: > Instance: [[Pe0CH

By Texas Instruments | More Info

' Dual Brushed DC Motor BoosterPack

Stepper Motor BoosterPack ° o || o2 e || ® 15| PinStatus
By Texas Inst ts | More Info
YIRS INATHMEN: o5 || 2| |37 7| [EXEY- used by BOOSTXL-DRVE305EVM
il | ®3|] ®%| pin Usage
Add My BoosterPack o ® 26 ®3s|| ®1s e [BOOSTXL-DRV8305EVM] > Function: analog > Instance: ISENA

o; || o2 LA |NLT Comment: Not required for back-emf control
L] £ L 28 . 33 o 13
®s || *2» 32| *12
., LE) ® || e

NITPS:/70ev.1.CoNVOPCNECKEr/

HLI
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Internet of Things

m Microcontroller + Internet connectivity (Wifi, RJ45, 3G)
m Cloud database (MySQL, Firebase, ThingSpeak)

~
~

e

\Y ? 6l
- L

https://thingspeak.com http://www.freepik.com CC Lotfi BAGHLI  -41-

https://firebase.google.com
https://baghli.blogspot.com/2015/12/esp8266-wifi-ultrasoni c-distance-logger.html



Internet of Things

m Microcontroller + Internet connectivity (Wifi, RJ45:
m Cloud database (MySQL Firebase, ThingSpeak)

tance

ultrasonic

11:48 11:50 52 54 56
@ Firebase  emberec -
Date
R © 0,12K/s = Wil ., B 4 22:31 B -Kxhab1RpLRSrFYN2CIh ThinaSea .
A Overview o] go>peak.com
= =KxhaiS44rHnsQxxOnLR
l accelX: -3.5¢
Jl  Analy s
iot2 27/10/2017 22:31:41 accelY: B.1¢
Ax:0.43 Ay:-0.32 8.22 accelZ: -7.4¢€
temp(°C): 0.0 humid(%): 0.0 ss  Authentication datetime: "2017/18/30 15:8¢
Push Button SunLight humid: 8
L4 LED PWM & Database v y
- name: "iotl
Smartphone Ax: 7.451 Ay: 3.294 Az: 5.162 Py Storage L temp: 48.2
[ smartphone lotfi 27/10/2017 22:31:37 © Hosting P
Ax: 1.771 Ay: 4.348 Az: 8.945 (-) Functions = accali: <3.71
T 00 00% () — accelv: 0.1
B TvestLab - accelZ: -7.3
Smartphone essai 27/10/2017 22:24:06 = h Reporting - datetime: “2017/18/30 15:06:3
Ax:-0.047 Ay: 6.311 Az: 7.642 @ ~- humid: 8
T:0.0°C h: 0.0%  ledkey: 8
— pushbutton: 8
3' loT device iot2 27/10/2017 22:01:33 =] . pwmkey: 0
Ax:7.52 Ay:-0.78 Az: 3.58 a5 —- sunlight: 8
T:0.0°C h: 0.0% £
-~ temp: 40.2%
| = iot2
# loT device iot2 27/10/2017 22:01:09 @ o gopali At
Ax: 0.4 Ay:-0.18 Az: 8.2 . 5
T:22.0°Ch: 61.0% —- accelY: -08.2%
- accelZ: 8.1¢
Q1 Advo o : i |
| P -- datetime: "2017/10/30 14:54:2:
& loT device iot2 27/10/2017 22:01:01 i
Ax: 0.42 Ay:-0.21 Az: 8.14 gLl
T:22.0°Ch: 61.0% —- ledkey: 1
spark - pushbutton: 8
atuit CHANGER DE FORMULE 7 pwmkey: 10824
https://thingspeak.com ~ sunlight: 823
< - temp: 21

https://firebase.google.com

https://baghli.blogspot.com/2015/12/esp8266-wifi- ultrasonlc-dlstance-logger html




Examples
Arduino nano V3, RTC + Li rechargable, SIM900A

Lotfi BAGHLI -43-



Examples

LED RGB WS2812

Arduino nano V3, RTC + Li rechargable, BT HCO5,

.

“ e 00
"o 00

LI

U I
"o 00

I I B I S N I O
® e e 0 90 0 0 00 00 00 e e e e

LI I I I I I I O I A

® 8 e e e 8 e e e e e e e e e e
® 8 e e e 0 e e e e e e e e e e e e
LI I I I I I O O I A

oo'ooooooooooo

-
aNg
200

Kay

-44-
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Examples

Arduino nano V3, Wifi ESP8266 pcb antenna, MOSFET, DRL,
LDO 3.3V, RFID

Lotfi BAGHLI  -45-



jlotn] - O X
& %

< cC o w| O B E & :
ExarT] pI % Happs A QwWwio H M 2 G EMEE D Npm €3 <« Achos » Other bookmarks
Wemos D1 mini pro (Wifi ESP8266

Limite d'affichage 100

b antenna I Li +
pchb an , BT, Li-lon+chargeur

DTH T... Distance | XAccel YAccel ZAccel Température Humidité
Web %rver 2017-01-21 00:01:52 |1 |25 4844 680 -16852 29.8 -295

2017-01-21 00:01:46 |1 |20 4660 704 -16764 29.09 =343

2017-01-21 00:01:40 |1 |15 4888 692 -16748 28.29 -383

2017-01-21 00:01:33 |1 |10 4216 356 -16788 27.45 -274

2017-01-21 00:01:27 |1 |5 4160 320 -16884 26.55 -325

2017-01-21 00:01:17 |1 |5 4188 144 -16956 25.19 =341

2017-01-16 14:06:28 |1 |75 -11688 -11400 -10000 29.71 -1425

2017-01-16 14:06:21 1 |70 7908 -11064 -10056 29.52 98

2017-01-16 14:06:14 |1 |65 -7580 -8936 -14156 29.38 12773

2017-01-16 14:06:07 |1 |60 -2880 -6576 14516 29.14 -2025

2017-01-16 14:06:01 |1 |55 -6916 -4280 13624 28.91 302 -

A 1i8e

—

= -
&3
=
=3
4

s
33
> -
= -
-~ -

Lotfi BAGHLI -46-




Examples

WEMOS 8266
OLED 0.98" 12C
IMU MPUG6050
DHT 11

LED, PB, Pot.
Firebase Google
database

Android App:

Emberec
https:.//play.google.com/st
ore/apps/detail s?Zid=com.e
mbesystems.emberec

-

BURBGAERE  osan

]

o8O X © 0,12K/s = Gl i, B 4 22:31

Emberec

iot2 27/10/2017 22:31:41

Ax:0.43 Ay:-0.32 8.22
temp(°C): 0.0 humid(%): 0.0
Push Button SunLight
LED PWM

Smartphone Ax: 7.451 Ay: 3.294 Az: 5.162

Smartphone lotfi 27/10/2017 22:31:37

Ax: 1.771 Ay: 4.348 Az: 8.945
T:0.0°C h: 0.0%

Smartphone essai 27/10/2017 22:24:06

Ax:-0.047 Ay: 6.311 Az: 7.642
T:0.0°C h: 0.0%

fl- loT device iot2 27/10/2017 22:01:33

Ax: 7.52 Ay:-0.78 Az: 3.58
T:0.0°C h: 0.0%

3' loT device iot2 27/10/2017 22:01:09

Ax: 0.4 Ay:-0.18 Az: 8.2
T:22.0°C h: 61.0%

fl- loT device iot2 27/10/2017 22:01:01

Ax:0.42 Ay:-0.21 Az: 8.14
T:22.0°Ch: 61.0%

Lotfi BAGHLI -47-



Examples

= dspic 30F3010, LCD 3310, V/f

= PIC 24FJ32GA002, ESP8266

= dspic 33FJ128MC802,
MCP2200, L298 :

HLI

-48-



Examples

= Weather station

= Forecast (wunderground.com)

= |nternet clock (NTP Client)

* |Log measured temperature
(Thingspeak Client)

= Customable
(github.com/squix78/esp8266-
weather-station)

Farth Claudy

@52?8(

(Q AT AR Q

https://github.com/squix78/esp8266-weather-station
https://www.wunderground.com
https://digital prodsion.com/diy-el ectroni c-weather-station-for-kids-esp8266-internet.




Examples

Webradio
ESP32 + V51053
Connect to Internet radio stations that

Configuration edited through web - RN P
interface SRy SN T
Customable) - R *

https://github.com/Edzelf/ESP32-Radio Lotfi BAGHLI -50-



Examples

Balancing robot

dspic 33FJ128MC802
Chopper 4Q L298
Gyro AD16250

Accel LIS3LV02DL
Bluetooth RN41

-51-



dspic Teaching board

Potentiometer dspic 30F3010
Push Button
3-phases inverter
UART — RS232 L6234
Interface
(MAX3233)
RS232 connecter 3-phases output to
to PC a Synchronous
Motor
PICkit2
programming 5to 12 V power
connecter input

Lotfi BAGHLI -52-



BLDC (SM) control

4 Zpa

Lotfi BAGHLI



Examples
= dspic 33FJ128MC802, Inverter L6234, tri-phase coils




ffac -

ffle -

100

120

32mm

4Smm

HLI
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Examples

= dspic 33FJ128MC804,
Inverter L6234, Bluetooth
LMX9838, Accel LIS3LV02DL, *
Hall SS40A, tri-phase coils: =

ahihh

Lotfi BAGHLI -56-



Examples

= LaunchpadXL F28069M,
incremental encoder, 2 x
DRV8301, BLDC motors

e PR T A

=l ==

[
(. Rl __ BT )




Energy transfer and motor control

Requirements:

Power Electronics: Inverter, DC chopper, rectifier
Motors (generators): IM, DFIG, PMSM, BGC-meotor
Energy harvesting: PV, Wind turbine

Encoder, current and voltage sensors, PWM
interface

Control board, interfaces

Control methods: Vector control, V/f, BLDC, PWM,
MPPT

Control programs; run, log and supervise

Lotfi BAGHLI -58-



Control boards for research

Advantages:

= Powerful boards

= Easy to use

= Compatible with industry R&D

= Reusable code (Matlab / Simulink)
Disadvantages:

= Expensive

= Difficult to adapt the study to the industrial world

Lotfi BAGHLI -59-



dSpace Offel‘ S ACE Advanced Control Education Kit

= DS1103: [ISA bus or PX4-Ethernet/PCI
powerful but retired (10 k€)

= DS1104: PCI bus; best offer ( )
= MicroLabBox : Ethernet; laboratory( ) eSS
= MicroAutobox |l : Ethernet; embedded ( )

—

° Ea
o B0 T b 9 )
LR i ‘i:’h a:i
: FW\‘\\M e

https://www.dspace.com/fr/fralhome/products/hw/singbord/ds1104.cfm
https://www.dspace.com/fr/fralhome/products/hw/micautob.cfm
https.//www.dspace.com/fr/fralhome/products/hw/microl abbox.cfm

,’lll_ll"

otfi BAGHLI  -60-



DS1104 board

Slave
DSP I/0

PWM
1 X 3-Phase
4 x 1-Phase

4 Capture
Inputs

Serial
peripheral
interface

Digital /O
14 channels

PC
PCl Interface /
PCle Interface
Interrupt Control
Unit
32 MB . TMS320F240
Memory Controller I
8 MB Flash Dual Port
Memory PowerPC 603e RAM
ADC DAC - Serial Interface
: Incr. Encoder Digital I/0
4 ch. 16-bit 8 channels 2 channels 20 channek RS232/RS485/
4 ch. 12-bit 16-bit RS422
4% Master PPC /O )




Extension board CLP1104

Hole for 19" rack mount Incremental Encoder Interface connectors
(CP19) (CP20)

\

BNC connectors
(CP1 ... CP16)

Digital I/O connector UART RS232 connector
(CP17) (CP21)

10} O O O
CP1 CP5 CP9 CP13
r\ [O0 O I016/INT10O SPWM1 O
f\ f\ 01 O 1017/INT20O SPWM2 O
02 O 1018/INT30 SPwWM3 O
CP2 CP6 CP10 CP14 03 O 1019/INT40 SPWM4 O
04 O SSTE (o} SPWM5 O
05 O SCLK O SPWM6 © Phi1l O
\) 06 O SSIMO o SPWM7 O Phi90 10
08 O TXD O SPWM9 O Phiz O
f\ 09 O RXD O STIPWM O Phi90 2 O
010 O DCD(CTS) © ST2PWM O  |ndex2 O
011 O RTS (/RTS) O ST3PWM O
4 8 12 16 L 1012 8 DTR ((TXD)) 8 SCAP1 8
013 CTS (/CTS SCAP2
-~ o . 10140 DSR(RXD) O  SCAP3 O
1015 0 VvCC o SCAP4 O
\O / O O @)
\ / Slave /O PWM UART RS485/R5422
connector (CP18) connector (CP22)
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Motors
Design and operating Principle

= DC motor
- System: commutator, brushes
- Stator flux: External current or PM (Permanent Magnets)
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Motors
Design and operating Principle

= Synchronous Motor (SM)
» 3-phases stator, rotating field
« Rotor a External current or PM (Permanent Magnets)
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Motors
Design and operating Principle

= Induction Motor (IM)

- Same stator as SM
- Rotor: Squirrel cage or wound rotor, slip
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Motors
Design and operating Principle

= SRM

- N-phases stator
- Reluctant rotor (no
coils)

- Principle of minimum
magnetic circuit
reluctance
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Motor comparison

DOP

Type Simplicity | Power Electronics | Reliability | Cost M ecanical
power/Torque
DC + i = 3
SM i 0 A +
|M 4 0 3 >
SRM d £ d L

Lotfi BAGHLI
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Motor control

= DC motor
— Simple, decoupled system
— Analog or digital control of a DC chopper

= SRM

— Powere phase by phase
— Need to know rotor position

= SM, IM
— V/f (in industry) not in power drive and transportation
— Vector control: IRFO, DSFO,... DTC

— Vector control » incremental / absolute encoder /
resolver, sensorless

— BLDC (SM) > Hall effet sensors, sensorless



|RFO Control of Induction Machine

Brake

Encoder
IM >
N——" Va
Vb
Vdc
) |bs
R =
Inverter [+ PWM signal
\— interface board /1\::
Redctifier

L1
3~

DS 1104
PowerPC 603e

Encoder 1

3 ADC 16-bit

2 ADC 12-bit

PWMO -5
DSP TMS 320F240

35
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Incremental encoder
= Technology optoelectronic

CHs

2fach Ausweortung

dfach Auawentung

ChHy




Other encoders

= Absolute encoder
m Resolver
m for SM

Lotfi BAGHLI
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|ncrementa encoder Langlois RIA 40 1024 V L

3

1 y " . ] i l ina ver
HarS P memr——— B | Solid shaft 1024 pts \ I AA BB ZZ | I Line drive!
cPig) (CP20)
(13) 2 Incremental

g 5 o R |
cP CPS cpe CPI3 \ .'\
o) (0 @ (o) ™~ e o
NS — N\ Series Code Th:.: Resolution Jutpt Output Customized
;}_2\ ‘/c’i‘ t.jj\-.‘ /}j!\.: ¥P Signa Circuil Spec
ONMORORO L4 connation
/1;[3\ I:PT_'\ CP11 CP15
© © © © M To CLP 1104
cp4 e 2 cRI 0 7 N - . \
(A /O\_ ) (O) A | Hollow shaft ( |
&) Q) @ 9 - : N | Solid shaf : ( | A B
N f \ | vi Manua ' [ 1
\\Q o | : }‘ o : L | L. e ( tor ( |_l: } X 8B
N 7 | \ \ s - o -
™ i | Slave vO PAM | UART RS4B5MS422 ! i o | \ 8.8
N | connector cr1a | connactor {cF22) 160 "
ENC connectors f \ 00 112 -
{cP1 .. CPIB) | | <00 O L | Line driver
Digital VO connector UART RS232 connactor 1024 00K O | Open collect
chnn (cran : s :‘_ . vV | Volta
\ < - i o \ &= = / ( | Comp n
- | | e MOt
L 9
Connector {CP19, CP20) Pin  [Signal Cable Fthernet Pin |Signal
1 VCC(+5V) |Marron _
i O~ 2 pHop  ver DI 9 |vec(sv)
vy wra ) — o
s b e :__ ’ 3 PHIO(x) blanc-vert —— 10 (GND
S °
e o ® 4 PHIOX}  |leu 11 [GND
-]
: ° 5 PHI9O0(x) blanc-bleu D= 12 |GND
e :__15 6 IDX(x} OrangeE 13 |GND
g—1o
= 7 IDX{x} Blanc Orange D1 14 [enD
8 GND blanc-marron (D |15 [GND




Current sensors

= Hall effect technology
= Galvanic isolation

= Measures in: 2

» Continuous s " 5

- Alternate “\ e

| T,
o 1 - A
nstantaneous v v,,%'

|2V o
= Filtering 5 =%'1 IAQ : ‘
= ADC 2 Un =~ 1, o
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Current sensors

|
il

+15V

GND

-15V

Mesure de courant

ge@

Mesure 1;

Mesure 1,

25A 10V
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Hall effect current sensors
Allegro ACS 758

- Industry-leading noise performance through proprietary amplifier and filter design
techniques
- Integrated shield greatly reduces capacitive coupling from current conductor to
die due to high dV/dt signals, and prevents offset drift in high-side,

high voltage applications
- Total output error improvement through gain and offset trim over temperature 6.3€
- Small package size, with easy mounting capability
- Monolithic Hall IC for high reliability ACS 700
- Ultra-low power loss: 100 pQ internal conductor resistance
- Galvanic isolation allows use in economical, high-side current sensing in high 5P
voltage systems CS
- 3.0 to 5.5V, single supply operation
- 50A working current, -40°C ~ +150 °C working temperature
- 120 kHz typical bandwidth
- 3 us output rise time in response to step input current
- Output voltage proportional to AC or DC currents
- Factory-trimmed for accuracy
- Extremely stable output offset voltage

- Nearly zero magnetic hysteresis

http://www.allegromicro.com/en/Products/Current-Sensor-1 Cs/Fifty-To-Two-Hundred-A mp- I ntegrated-Conductor-Sensor-| Cs.aspx A CS 7 12
http://www.allegromicro.com/en/Products/Current-Sensor-| Cs/Zero-To-Fifty-Amp-I ntegrated-Conductor-Sensor-1 Cs.aspx




Voltage sensors

= Hall effect technology
= Galvanic isolation

= Measures in:
* Continuous
 Alternate
 |[nstantaneous

= Needs external power resistances
V2>V

= Filtering

= ADC e BRI




Measure board

= Hall effect sensors
» Measure 2 courants
 |lar, lbr

= Measure 3 voltages
* Vdc, Vas, Vbs

= Application: DFIG




= Semikron 20 kVA
= Control of 3 legs: 6 IGB

= PWM 0-15V drivers
SKHI 22

Lotfi BAGHLI
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Voltage Fed Inverter

= |GBT or MOSFET inverter
= DC bus voltage
= BLDC, Vector or V/f control

Lotfi BAGHLI -84-



|

Power Electronics offers ™ 1 { | 53 5 0

= SEMIKRON
— MiniSkiip IPM
— SEMITOP 3 (IGBT 600V 12A — 174A)
— SEMISTACK (IGBT)

Driver IC

=
-
—
|

= IR : International Rectifier

— 2131 drivers 3 high + 3 low integrated within a 28
PDIP ou SOIC, output 10-20V

— IRFR2407 MOSFET V=75V, | =42 A, Ry, ,,=26mQ

Lotfi BAGHLI
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SM - BLDC

m [rapezoidal back em.f.

m 6 sectors control

= Rotor position known by 60°
n C=kd |

s DC current control=>BLDC

VYV
—| S

Lotfi BAGHLI
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V ector control principle

= Transient model of the machine
= How to simplify the cross product torque formula

m Park reference frame orientation: Machine flux on the d-axis

(IM: Induction Motor)

M : :
Ce= pL_(¢dr|qs - (qu'ds)

r

M :
> Ce= pL_(¢dr|qs - %s)

r

(SM: Synchronous Motor)
Co=p((La —Lo)laslgo+¥ 1 s
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V ector control of SM

m Sinusoidal back e.m.f.

= Rotor position to be exactly RN
know —
= Needs computation: Park
transformation ; N
— Ce:p((l‘d_LCI)IdSICIS_l_\PfIqS) Ibsj-/é//;/-;\;\\é\éb
AT W NG
= PWM or hysteresis current R T
4 N EEPanR
control SN i
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SM control scheme: Speed control

o .
’g _;

Cntr|

> Fn

Cntr

. *
|QS+§

Vs

RO |y

A
[N NMd

Ca

Cntr|

Ca

d/at

PCa| -~
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IM IRFO control scheme: Speed control

Q Ceatr |'=+ Ves Vas
0> 2 o s
&) | | 2
bs, é
<
Ca2 ‘I<'|
¢r* 1 Ids* + Vds V(S* —
>/ | \ Y Ctrl >
MI

® s J. 95, S P(-&)

W/
+
8
g

+
)

e— o
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IM |RFO control scheme: Position control

Vv

Pos._+ QL+ C oLy 'qs*+® ; Vos Vas'
%{% )9-—'%(_;5 )%- Mo, \ Ctrl

P( &) Vbs*

Ca2

(pf* 1 las” + Vs’ Ves'
II—\ @ Ctrl

\2
INd N

\4
A4

as

S e L v
7,0, Cxz
+ lds lbs

éga)s J'i) P(-&)

|
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Capture, position control (1m)

800 —

&)
\
o
S
o
\

g 7 Position g_ h
= | Pos ref =
S 0 - 400 —
"5; Pos 8 Speed
& ] (% b —— Wmref
-5 200 e
-10 | | \ \ 0 | \
0.0 0.2 04 0.6 0.8 20 0.6 0.8
Time (s) .
. . . 15
Pos:_+ Q4 Car |+ -y.- Voo i
EQ_?E- i >(§9 9. 9% g [T [Reg ] | 9 10 — A
P& |y | 2 b
M= 5
Ca s < o
Vi v | = -
7 s - :
5‘ —| = -5 - dq currents
B —— Idsref
Q -10 —— 1ds
Iqs les | — lgsref
I Ca i o 8 T s
ds
P(-8) -20 \ \ \ \ \
0.0 0.2 04 0.6 0.8
Time (s)

[—]
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DFIG bench scheme

Measure V.

ADC

100V -
220V

Rotor on the

N
N inverter

/R

Fluke 43B
H MeaSl{re P,\’;l Q 5 C85¢5'I AutoTransformer
armonics, Measure U, /. TRTBA - 400V 6 KVA
ADC
3~
Measure Vas,Vbs
N ///
S /77
| 160 - 400V
SONELGAZ Stator on the grid
Encoder
o Measure |l
AutoTransformer
~ TRT13A - 400V 10 kVA 200 - 500V
N
R Vdc +
N
+
// 1
/77 —

6 IGBT

o T

PC

ControlDesk Interface

DFIG control program <:>

dSPACE DS1104

5 ADC: Measure board 3V +2 1
6+1 PWM: PWM interface board - inverter

> PwWMm

SPI: Inter1face nRF24L01+ Accélérateurs MEMS
<—

/LVdC +
/

200 - 500V



PPC-hdc-HoslSetvioeThw I

|
P 0% Lengh| 004

¥ Auto Repeat Qmuilg 1:
—Trigger Signal——————

~ oo &

Lgvel 1 Delay i -0.01
[M&SGAngles/thetas

—Reference Capture —— —Capture Vaniables

Take | sm.. M 056 0f 056




~ ControlDesk NG 5.3 —SMD Example

.
‘File Home Layouting
A
v P
Go Start

Online Measuring

Measurement Configuration
4 Acquisition
4 W ds1104
4 » HostService
2m Platform Trigger 1
& fu Duration Trigger 1
++ OnChange
== Calculated
4 g Triggers
4 §L Duration Triggers
£ Duration Trigger 1
£y Sample Count Triggers
4 §g ds1104
i
4 ?5' Recorders
A9 Recorder 1

I ger

Raster: HostService

Disabled
[/] Platform Trigger 1
Sig1 . § ]
posedge (Sig1.0)

Variable Mappings (1)

[+] Duration Trigger 1
Duration 0.02 s

Platforms

o

# Mea...

Postprocessing

- B X

®
O
®

ControlDesk NG Project: smd_1104_sl Experiment: smd_1104_sl - [smd_

Automation View

@ Start Inmediate ~ @ ¢

@ Start Triggered ~ £ Trigger Rules A/ Edit Bookmarks “
Data

# Find Bookmark Sets~ M

N 1smd_1104_sl X

1104 _sl]

/ Praposed Calibration ~

Refresh Values

Snapshot ~

- X

dSPACE |DS1104 Spring-Mass-Damper Demo (SMD)

0.008 0.010 0.012

0.002

0.004 0.006

Sim State Frequency f Spring constant ¢ Mass m

0.014

0.016 0.018

Damping coefficient d

O Run

Q} Pause I Oy ||--'/|’I v SIS, l////////////: ll //////////’
CRCRCR N PEMICECE ] O EORCRLRL RN

(® Stop 50 100 150 200 50000 100000 ofs I{O s'o 1(;0

Offline

s O X

o W-8X

Instrument Selector v & X @

v Favorites o

== Bar _
>, Gauge

*s Knob :

! Plotter ]

4 Slider _

- Table Editor .

Variable Array
v Standard Instruments
" Animated Needle
= Bar
[@] Browser
Bus Navigator Instrument
[ Check Button
] Diagnostics
+23 Display
Fault Memory
[] Frame
s, Gauge
' IndexPlotter
L. Invisible Switch
‘4 Knob

& Instrument Selec...



dSPA CE devel opement

= Matlab/Simulink
e Draw the model (MDL)
» Generate C code, Embedded Coder/ build
« C compiling, linking
« Loading, animation / ControlDesk
= Handcoding (langage C)
 \Write C source code
* C compiling, linking
« Loading, animation / ControlDesk
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Tutorial

Abdallah Darkawi, Initiation au systeme dSPACE, de l'interface RT]
dans Simulink et de ControlDesk Next Generation 5.4

version 2.0
Ecole d'ingenieur. France. 2016. <cel-01259564v2>
https.//cel .archives-ouvertes.fr/cel-01259564v2/document

https.//cel .archives-ouvertes.fr/cel-01259564v2/document 3
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Matlab / Simulink configuration

Configuring dSPACE (R) Software for MATLAB(R) 8.3.0.532 (R201l4a)

RTI
RTIFPGA
DSMPBLIB
DSRT
DSMSBLIB
DSMLCON24

Real-Time Interface to Simulink (RTI1104)
RTI FPGA Programming Blockset

Model Port Block Library

dSPACE Real-Time Target (DSRT)

Model Separation Block Library

dSPACE MATLAB Connection 2.4 (winé64)

02-Nov-2014
02-Nov-2014
02-Nov-2014
02-Nov-2014
02-Nov-2014
01-Jun-2012

*** RTI Platform Support RTI1104 activated.
Wizard: Click here to re-enable RTI platform selection for next MATLAB start.

Lotfi BAGHLI

-99-



Simulink — SMD Example

% | Without

O X

-) B
- o e

RN Pas -

P3 smd_1104_s| O
File Edit View Display Diagram Simulation Analysis Code Tools DSMPBLIB Help D S]_ 104 RTI
=l = CiE — 3 , ~ idé
% - EE-EH-GOP = O 1@ -
smd_1104 sl
0.0
®© |%&jsmd_1104_sl b v ‘ Time offset: 1597.6
= P4 smd_1104_sl/Equation Block - [} X
@
o 1 1 [] File Edit View Display Diagram Simulation Analysis Code Tools »
€3 j L - . . . »
.t recreta 2 : LB @ "EE GO @@ -
— Spring constant : C
Damping coefficient : d a v x Equation Block
EI Mass : m — —
@® |[%a|smd_1104_sl P [Pa|Equation Block v
— Model Parameters v e
() a +l— .
- xdisp |ooo0 ( P
X - x disp _ 00 Q ~ %
Equation Block
- Sum xdsp E3 Product1
=
DampCoeff d
DAMPED SPRING - MASS - SYSTEM B - X > d
J— - P 2
[Bha] e Sum z -
Click on the Model Parameters Block to change the spring constant, c Product2
the damping coefficient or the mass.
Click on the help icon to get information about the underlying equation | SpringConst C
of motion. dSPACE . D
—_ m
You can find the associsted ControlDesk experiment in your current MATLAB working directory N
» »
Ready 100% odel Ready 100% odel



Handcoded— SMD Example

/******************************************************************************

FILE: Without DS1104

smd_1104 hc.c .
RELATED FILES: RTL|b
Brtenv.h
DESCRIPTION:
PPC application demo program for the DS1104 processor board
Simulation of a continuous 2nd-order spring-mass-damper system.
dSPACE GmbH, Technologiepark 25, 33100 Paderborn, Germany

¥ ¥ X X X X X X ¥ ¥

$RCSfile: smd_1104_hc.c $ $Revision: 1.4 $ $Date: 2012/01/18 15:05:26GMT+01:00 $
******************************************************************************/

#include <Brtenv.h>

#tdefine input(x_disp) {
static Int32 i = 0;
static Int32 step_count = 0;

step_count = (Int32)( 1/(2*f*DT) );
if (++i >= step_count)
{

x_disp *= -1;

i=29;

3

P

/* empty output macro */
#define output(y)

#define DT 1.0e-4 /* 100 us simulation step size */

#tdefine NSTATES 2 /* number of states */



#tdefine DT 1.0e-4

#define NSTATES 2
Float64 x_[NSTATES], x_dot[NSTATES];

#define D_DEF 16.0
#define C_DEF 20000.0
#define M_DEF 0.04
#define F_DEF 50

volatile Float64 d;
volatile Float64 c;
volatile Float64 m;
volatile Float64 f;

Float64 x_disp = 0.5;
Float64 x;
Float64 v;
Float64 a;

/* variable for execution time profiling */
Float64 exec_time;

void derivatives(void)

{
Float64 fc, fd;

fd = (d) * x_[1];
fc = (c) * (x_[0] - x_disp);
x_dot[@0] = x_[1];
x_dot[1] = (-fd - fc) / (m);
}

void integrate_with_euler(void)

{
Int32 i;

/* 100 us simulation step size

/* number of states
/* state matrices

/* initial damping
/* initial spring coefficient

/* initial mass

/* initial frequency
/* damping

/* spring coefficient
/* mass

/* frequency

/* excitation, amplitude = 0.5
/* position

/* velocity

/* acceleration

/* execution time

/* damping function

/* spring function
/* first derivative
/* second derivative

*/

*/
*/

*/
*/
*/
*/

*/
*/
*/
*/

*/
*/
*/
*/

*/

*/

*/
*/
*/
*/



void integrate_with_euler(void)

{

Int32 i;

derivatives();
for (i = @; i < NSTATES; i++)
x_[1] = x_[i] + x_dot[i] * DT;

¥
/* ___________________________________________________________________________
void copy_results(void)
{
x = x_[0];
v = x_dot[0];
a = x_dot[1];
¥
/* ___________________________________________________________________________

void isr_srt(void)

{

ts_timestamp_type ts;

RTLIB_SRT_ISR_BEGIN(); /* overload check
ts_timestamp_read(&ts);

host_service(1,&ts); /* Data Acquisition service
RTLIB_TIC _START(); /* start time measurement
input(x_disp); /* get input value
output(x_[0]); /* output result (x[@] is output)
integrate_with_euler(); /* update state matrices

copy_results();

exec_time = RTLIB_TIC_READ();
RTLIB_SRT_ISR_END(); /* overload check

*/
*/
*/
*/

*/
*/

*/



|SR Programing

ISR Interrupt Service Routine : PWM sync_interrupt()

Display ISR duration on scope

‘ t
>
. Background task . Background task . Background task . Background task

Low CPU time requirement task

Début Début Début Début

ISR Reqrise ISR Reririse ISR Re[zrise ISR Reqrise
tache tache tache tache
de fond de fond de fond de fond t
>

Bg
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void main(void)

{
Int32 i;
d = D_DEF;
¢ = C_DEF;
m = M_DEF;
f = F_DEF;

for (i = ©; 1 < NSTATES; i++)
x_[i] = 0.0;

init();
msg_info_set(MSG_SM_RTLIB, O,
RTLIB_SRT_START(DT, isr_srt);

while(1)
{

RTLIB_BACKGROUND_SERVICE();

/* initialize parameters

/* clear state variables

/* DS1104 and RTLibl1e4 initialization
"System started.");

/* start sample rate timer

/* background service

*/

*/

*/

*/

*/



TOOlS Embedded Coder de Matiab / Simulink

DS1104 RTI Master

Eg Simulink Library Browser

File Edit View Help

kel 3 » IEnter search term vl“ A

{ v v v

<

Simulink Design Verifier
Simulink Extras
Simulink Real-Time
Simulink Verification and Validation
& Stateflow
System Identification Toolbox
Vehicle Network Toolbox
y| dSPACE RTIFPGA Programming Blockset
dSPACE RTN104

v
SERIAL
DS1104 SLAVE DSP
Extras
> TaskLib
dSPACE Model Port Block Library
dSPACE Model Separation Block Library

v

Showing: dSPACE RTI1104/DS1104 MASTER PPC

Library: dSPACE RTI1104/DS1104 MASTER PPC Search Results: (none)

Ercpearien p

Bre deragearicn B

==

SERIAL

DS1104BIT_O-
uT_CO

DS1104ENC_P-
0s_C1

DS1104ENC_S-
W_INDEX_C1

DS1104SYNC_I-
O_SETUP

SeIIose=
MASTER ZETLS

DS1104ADC_C5

DS1104DAC_C1

DS1104ENC_S-
ETUP

DS1104MASTE-
R_HWINT_I1

MAaTRES™N

Frequently Used

DS1104BIT_IN-
co

l:} DS1104ENC_H-
W_INDEX_C1

3

==t
28T PCEMION

AL XADT

DS1104ENC_S-
ET_POS_C1

DS1104MUX_A-
oC
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TOOlS Embedded Coder de Matiab / Simulink

DS1104 RTI Slave DSP F240

& Simulink Library Browser = O X

File Edit View Help

kel 3 » IEnter search term VI“ A

Libraries Library: dSPACE RTI1104/DS1104 SLAVE DSP Search Results: (none) Frequently Used
4 ’i S S— @ DS1104SLAVE DS1104SLAVE DS1104SL_DS-
> Simulink Design Verifier TS DsPINT_I0 R T T I e miT_oN_co
> Simulink Extras
> Simulink Real-Time DS1104SL_DS- Poe DS1104SL_DS- 1 Ds1104sL_ps-

Simulink Verification and Validation i P_BIT_OUT_CO e P_D2F i P_F2D
Stateflow
> |Pa| System Identification Toolbox — DS1104SL_DS- E DS1104SL_DS- s DS1104SL_DS-
> Vehicle Network Toolbox — P_PWM P_PWM2D kil P_PWM3
> dSPACE RTIFPGA Programming Blockset -
v [%3| dSPACE RTH104 - gsmgbﬁ&
v DS1104 MASTER PPC [ -
SERIAL
Extras
> TaskLib
dSPACE Model Port Block Library
dSPACE Model Separation Block Library v
< >

Showing: dSPACE RTI1104/DS1104 SLAVE DSP
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DS1104 RTI

3 untitled * - B DS1104DAC_C1 [untitled] — X
Eile Edit View Display Diagram Simulation Analysis Code Tools DSMPBLIB Help DS1104DAC D/A Conversion
- g'.E wi v == + ’ m . - » - it - —,
i) a © 4 ® P © @ U""t| Initialization | Termination
untitied
©® |a]untitied v — Purpose
> Provides write access to 8 parallel channels.
Q‘ MUXADC » DAC
€3 Jouy coes _ Unit specification
DS1104MUX_ADC DS1104DAC_C1 7|Duty cycle b -
— Y Duty cycie o Channel number: L
g A ) Enc posmon b 2| PWM Stop
Enc delta position DS1104SL_DSP_PWM3
@ DS1104ADC_C5 DS1104ENC_POS_C1
ad dSPACE oK Cancel Help Apply
Ready 100% odel
DS1104ADC_C5 [untitled] — X B DS1104MUX_ADC [untitled] — X
DS1104ADC A/D Conversion DS1104MUX ADC Multiplexed A/D Conversion
Unit Unl|
— Purpose — Purpose
Provides read access to 4 parallel A/D converters with Provides read access to the 4 channels of converter 1.
+/-10 Volts input range.
— Channel selection
— Unit specification — 1 2 3 4
Channel number: |5 iv M 0O 00O
Lotfi BAGHLI -108-
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DS1104 RTI

P untitled * X
File Edit View Display Diagram Simulation Analysis Code Tools DSMPBLIB Help
e - 8 e -E-d40P = ©- 2@~ E-
untitied
® untiﬂed v
~
Ok MUXADC > DAC 3 Duty cycte =
& DS1104MUX_ADC DS1104DAC_C1 7| Duty cycle b
=3 /|Duty cycle e
Enc position PWM St
& - ) ne ® p b, op
Enc delta position DS1104SL_DSP_PWM3
= DS1104ADC_C5 DS1104ENC_FOS_C1
v
Ready 100% odel
B DS1104ENC_POS_C1 [untitled] - X
DS1104 Encoder Position
U"*| intiaizaton|
— Purpose

Provides read access to the position and delta position
of the 2 encoder interface channels.

— Unit specification

- DS1104SL_DSP_PWMS3 [untitled] — X

DS1104 Slave DSP 3-Phase PWM Generation

Uni| Inttialization || PWM Stop and Termination

Channel number: 1 B

dSPACE | oK |  Cancel | Hep | Apoy

—. Purpose
Provides a 3-Phase PWM generation with original and inverted outputs,
variable duty cycles and a variable deadband, and enables PWM Stop to
TTL level during run time.

— PWM frequency
Range : Frequency :
125Hz-5MHz | 10000 Hz

— Deadband
Range : Deadband :
0-100us | | us

dSPACE . 0K Cancel Help Apply
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DS1104 RTI

DS1104RTIReference.pdf

. RTI Blockset for the Master PPC

VO characteristic Scaling between the analog input voltage and the output of the
block:
input Voltage Range Simulink Output
~10V..+10V -1 ... +1 (double)

Dialog pages The dialog settings can be specified on the following pages:

B Unit Page (DS1104MUX_ADC) on page 18

Related RTLib functions dc1104_adc_start, ds1104_adc_mux, dst 104_adc_read_mux,
ds1104_adc_read_conv, ds1104_adc_trigger_setup

Unit Page (DS1104MUX_ADC)

Purpose To specify the channels to be multiplexed.
Dialog settings. Channel selection Lets you select a et of up to 4 channels.
Related topics References

o D51 I0SMUX_ADC on page 17

DS1104ADC_Cx
ADC b
DS1104ADC_C5
Purpose To read from a single channel of one of 4 parallel A/D converter
channels.
VO mapping For information on the VO mapping, refer to ADC Unit () DS1104
Features).

DS1104 RTLIb

DS1104RTLibReference.pdf

ds1104_adc_read_ch_immediately

Syntax

Include file

Purpose

Description

1/0 mapping

Parameters

Return value

Related topics

Floatéd ds1104_adc _read ch immediately(UInt1é channel)
io1104.h
To read one A/D channel without polling the end-of-conversion flag.

This function can be used in an ADC end-of-conversion interrupt
senice routine.

Before using this function, the converter must be started
@ by means of ds1104_adc_start. The multiplexed

converter (channeis 1 ... 4) must be set with

ds1104_adc_mux and started by using

ds1104 adc delayed start.

For information on the YO mapping, refer to ADC Unit ( L) DS1104
Features).

channel Specifies the channel number within the range 1 ... 8.

This function returns the scanned value scaled as follows:

Input Voltage Range Return Value Range
-10V ... +10V -10...+10
References

« ADC Unit ( (1] D51 104 Features)
» ds1104_30c_read_ch on page 200
« Elamentary Data Types on page 21
» Interrupt HanaWng on page B4




DS1104 RTLIb

s DS1104 hardware access, RTLib
- PWM : ds1104 slave dsp_pwm3_ XXXX
« ADC : ds1104 adc_xxxx
* /O :dsl1104 bit io XXxxX
* Codeur : ds1104 inc_XxXXxX
* ISR :ds1104 enable hardware_int

= Software, RTLib
* ISR :ds1104 set interrupt_vector
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IM IRFO handcoded C

= Routines
* Indc.C : main(), PWM_sync_interrupt

* Regul.C : Park, Parklnv, (sin/cos), C32, C22t
Calc _thetas, Boucleld, Bouclelq,
BoucleVitesse, BouclePosition,

Regull _Control, Regul Vitesse
« Var.H : constants, parameters, variables
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I M I RFO INndC.C : void main(void)

void main(void)

{
init(); /* DS1104 and RTLib1104 initialization */

//il faut lancer les service 1 fois avant d'enclencher le controledesk et les interruptions (non dit ds la doc)
host_service(1, 0);

msg _info_set(@, @, "Systeme : IRFO : controle vectoriel, started.");

// configure I/0

ds1104 bit io_init( DS1104 DIOO_OUT | DS1104 DIO1 OUT);

ds1104 bit io clear(DS1104 DIOO | DS1104 DIO1);

/* init incremental encoder channel 1 (CodeurCh) : input signal for channel 2 via RS422 */
ds1104_inc_init( CodeurCh, DS1104_ INC_MODE_RS422);

ds1104_inc_set_idxmode( CodeurCh, DS1104 INC_IDXMODE_OFF);// no reset
// ds1104_inc_set_idxmode( CodeurCh, DS1104 INC_IDXMODE_ON); /* set reset on index for channel 1 and latch to ©
// int Index Chl

ds1104_set_interrupt_vector(DS1104_ INT_INC_ENC_CH1, (DS1104_ Int_Handler_Type)
&Encoder_int_handler, SAVE REGS ON);
ds1104 enable_hardware_int(DS1104 INT_INC_ENC_CH1);

/* config DAC */
ds1104 dac_init( DS1104 DACMODE_TRANSPARENT);

/* initialization of slave DSP communication */

ds1104 slave_dsp_communication_init();

/* init and start of 3-phase PWM generation on slave DSP */

// pour les fullPWM dutyx sont initialisé a 0.5

ds1104 slave dsp pwm3 init(task_id, MLIperiod, dutyl, duty2, duty3, deadband, sync_pos);

ds1104 slave dsp pwm3_start(task_id); L. BAGHLI = -113-



I M I RFO INndC.C : void main(void)

/* registration of PWM duty cycle update command */
ds1104 slave dsp pwm3 duty write register(task_id, &index);
/* ADC Init and Sync */
ds1104 adc mux( 1); /* le 16 bit ADC sur channel 1) */

/* 12 bits ADC 1 to 4 ie 2 to 5 are Courants Ias, Ibs et f.e.m. Ealphas et Ebetas */

ds1104 adc_trigger setup(
ds1104 adc_trigger setup(

ds1104 adc_trigger setup(

1,
2,
ds1104 adc_trigger setup( 3,
4,
5,

ds1104 adc_trigger setup(

ds1104 syncin_edge setup(

DS1104 TRIGGER_ENABLE);
DS1104 TRIGGER_ENABLE);
DS1104 TRIGGER_ENABLE);
DS1104 TRIGGER_ENABLE);
DS1104 TRIGGER_ENABLE);

/* initialization of PWM sync interrupt */

ds1104 set_interrupt vector(DS1104 INT_SLAVE _DSP_PWM,
(DS1104 _Int_Handler Type) &PWM_sync_interrupt, SAVE_REGS _ON);
ds1104 enable hardware int(DS1104 INT_SLAVE_DSP_PWM);

RTLIB_INT_ENABLE();
/* Background tasks */
while(1)

}

{
RTLIB_BACKGROUND SERVICE();

}

DS1104_SYNC_TRIGGER_RISING);

/* background service */

L. BAGHLI

-114-



I M I RFO Indc.C : PWM_sync_interrupt

// interrupt service routine for PWM sync interrupt a 100 us
void PWM_sync_interrupt(void)

{
ds1104 bit io_set( DS1104_DIO® | DS1104 DIO1);

RTLIB_TIC START(); /* start time measurement */
ds1104 bit io clear( DS1104 _DIO00);

switch(countCurrent)

{

case © : Regull Control();// a DT = 200 us
break;

case 1 : Regul Vitesse();// a DT = 200 us puis *5 = 1ms
break;

}

if (++countCurrent==DS_IReg) countCurrent=0;

host service( 1, 9);// new host interface at dt=1le-4 s
ds1104 bit_io_clear( DS1104_DIO01);
exec_time = RTLIB _TIC READ();

}
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IM | RFO Regul .C :void RegulI Control()

inline void RegulI_Control()

{
Ias = 25%( -0.0018 + ds1104 adc read conv( 2));
Ibs = 25*%( 0.0022 + ds1104 adc_read conv( 3));

c22t( Ias, Ibs, &Ialphas, &Ibetas );
CalcPark( thetas, & Sinthetas, & Costhetas);
ParkInv( Ialphas, Ibetas, Sinthetas, Costhetas, &Ids, &Iqgs);

Vas = 943.4*%( -0.0014 + ds1104 adc_read conv( 4));
Vbs = 943.4*( -0.0014 + ds1104 adc read conv( 5));
Vdc = 943.4*%( -0.0014 + ds1104 adc_read conv( 1));

E_2=Vdc/2.9;// tension du pont / 2
BY 2E 2 = 1.0/Vdc;

Wm=WmMesure;// Wm=WmEst;// Sensorless ?
Calc_thetas(); //update thetas and Phidr
Calc_theta_ M r();

absWm = fabs(Wm);// Defluxage s'il y a lieu
switch ( Deflux_Type )

{

case 2 :/* Deflux continu */

if ( absWm<=WmBaseB ) Idsref=IdsrefBase;

if ( absWm>WmBase ) Idsref=Kdeflux/absWm;
break; L. BAGHLI -116-
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IM | RFO Regul .C :void RegulI Control()

if ( CurrentControllerType ){/* Controlleur Flou */
VdsrefMax = E_2/1.414;
BoucleFloueIds(); /*regul FLOUE de Ids */
VgsrefMax=sqrt(E_2*E_2-Vdsref*Vdsref);
BoucleFloueIqs(); /*regul FLOUE de Iqgs */
}
else {/* controlleurs classiques */
VdsrefMax = E_2/1.414;
BoucleIds();
VgsrefMax=sqrt(E_2*E_2-Vdsref*Vdsref);
BoucleIgs();
}
// type de Cmde vect ou V/f (independante ou liée)
switch ( FlagVectorControl )
{ ...
case 2 ://V/fliés par K_V_f
Vsref=K_V_f*fs;
Wsref=2*PI*fs;
Vdsref=Vsref;
Vqsref=0.0;
/* limiteur de tension */
if ( Vdsref>270.0)Vdsref=270.0;
if ( Vdsref<-270.0) Vdsref=-270.0;

break;
default : //case 1 ou autre : Vector control
break; L. BAGHLI -117-

}



IM | RFO Regul .C :void RegulI Control()

Park( Vdsref, Vqgsref, Sinthetas, Costhetas, &Valphasref, &V betasref);
C32( Valphasref, Vbetasref, &Vasref, &Vbsref, &Vcsref );

// protection contre surcourant et bus continu
if (fabs(Ias)>IsmaxProtect || fabs(Ibs)>IsmaxProtect )FlagInhibMLI = 1;
if (Vdc > VdcMax)FlagInhibMLI = 1;

/* write PWM Duty cycle to slave DSP and test for error */
if (FlagInhibMLI){/* met les tensions a @ */

dutyl1=0.5;

duty2=0.5;

duty3=0.5;

}
else{

dutyl

-Vasref*BY_2E_2+0.5;

duty2 = -Vbsref*BY 2E 2+0.5;
duty3 = -Vcsref*BY_2E_2+0.5;
}
ds1104 slave dsp pwm3 duty write( task_id, index, dutyl, duty2, duty3);

}
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I M I RFO Regul .C :void Regul Vitesse()

inline void Regul Vitesse()

{

if ( ++countSpeed!=DS_WReg )return;

countSpeed=0;

// Interruption a 1 ms

inputWm();// La vitesse, Mpos et theta (position du rotor avec reset sur Index)

if ( FlagPosControl )

if ( ++countPos==DS_PReg ){
countPos=0;
/* get new mposref automaticly */
/* regul */
BouclePosition();

}

switch ( SpeedControllerType )
{

case 1 :BoucleVitesseFloue(); break;/* Controlleur Flou */
default :BoucleVitesse();/*classique */

}
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IM IRFO RGQU'C :void inputWm() void Calc_thetas()

inline void inputWm()
{
/* read incremental encoder counter */
inc_k = ds1104 inc_position_read( CodeurCh, DS1104 INC_LINE_SUBDIV 4);
/* calculate mechanical speed rd/s */
FIR Wm[@] = POStoRD_S*(double)( inc_k - Vit _inc_kO1ld );
Vit_inc_kOld = inc_k;

WmMesure=0.2*(FIR_Wm[@]+FIR Wm[1]+FIR Wm[2]+FIR _Wm[3]+FIR Wm[4]);
FIR_Wm[4]=FIR_Wm[3];
FIR_Wm[3]=FIR_Wm[2];
FIR_Wm[2]=FIR_Wm[1];
FIR_Wm[1]=FIR_Wm[O];

// calcul de thetas, Wr, Ws
inline void Calc_thetas()
{
Wr= Iqsref / Tr / Idsref;
Phidr+=DT*( M*Ids-Phidr)/ Tr;
Ws = P*Wm + Wr;
if (FlagVectorControl != 1) Ws = Wsref;// pas de vector control donc V/f
thetas += DT*Ws;// 200 us
if ( thetas > PI)thetas-=TWOPI;
if ( thetas < -PI)thetas+=TWOPI;
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IM IRFO ReguIC :void BoucleIds() void BoucleIgs()

inline void BouclelIds()

{
e = Idsref-Ids;
Vdsref = Kp_Ids*e + xe_Ids;
if ( fabs(Vdsref) <= VdsrefMax ) xe_Ids += Ki_Ids*e;
/* decouplage */
if (FlagDecouplage) Vdsref-=sigma*Ls*Ws*Igs;
/* limiteur de tension */
if ( Vdsref>VdsrefMax) Vdsref=VdsrefMax;
if ( Vdsref<-VdsrefMax) Vdsref=-VdsrefMax;
¥
[/ === m oo oo moooooo-oo-o---
inline void BoucleIqgs()
{
e=Iqsref-Iqgs;
Vgsref = Kp_Iqs*e + xe_Igs;
if ( fabs(Vgsref)<=VgsrefMax ) xe_Iqs += Ki_Iqs*e;
/* decouplage */
if (FlagDecouplage) Vgsref+=sigma*Ls*Ws*Ids+M/Lr*Ws*Phidr;
/* limiteur de tension */
if ( Vgsref>VgsrefMax) Vqgsref=VgsrefMax;
if ( Vgsref<-VgsrefMax) Vgsref=-VgsrefMax;
}
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IM IRFO ReguIC :void BoucleVitesse() / BouclePosition()

inline void BoucleVitesse()
{ // regul IP anti Windup

xeW += KiW / KpW*( Wmref - Wm - KTiW*(OldSortie - OldSortieSat) );
/* limite le non sature pour eviter tt pb de debordement !!! */
if ( xelW>xeWMax)xelW=xeWMax;

if ( xelW<-xeWMax)xelW=-xeWMax;

OldSortie = KpW*( xeW -Wm);

OldSortieSat=01ldSortie;

if ( OldSortieSat>IgsrefMax)0OldSortieSat=IgsrefMax;

if ( OldSortieSat<-IgsrefMax)OldSortieSat=-IqsrefMax;
Igsref=01ldSortieSat;

/* limiteur de courant et regul IP classique */

/*

Igsref=KpW*(xeW-Wm) ;

if ( fabs(Igsref)<=IgsrefMax )xeW+=KiW/KpW*(Wmref-Wm);
if ( Igsref>IgsrefMax)Iqsref=IqgsrefMax;

if ( Igsref<-IgsrefMax)Igsref=-IqsrefMax;

inline void BouclePosition()

{7/

regul P classique

Wmref= KpP * ( mposref-mpos);

/* limiteur de vitesse */

if ( Wmref>WmrefMax) Wmref=WmrefMax;
if ( Wmref<-WmrefMax) Wmref=-WmrefMax;
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IM IRFO program explanation

https.//www.youtube.com/watch?v=R8w7HcxgM 70& index=2& list=PL X
Y d8lyLhtrEpweSyHTwZMjiJzIPIBgAh






IM IRFO experimental results

https.//www.youtube.com/watchv=WOIRo1blUVO0&list=PL XY d
8lyLhtrEpweSyHTwZM|iJzIPIBgAh& index=3
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==Laboratoire

d'Automatique [
de Tlemcen

Conclusions

Erasmus+

Presentation of different technologies in EE
control

New offers of solution providers

Democratization of the use of uC and DSC, DIY,
tutorials, Instructables,...

Massive teaching of uC in college and universities

Make the right choice, learning curve: Arduino nano
— Wemos / ESP8266 / Rasp Pi — PIC24F / dspic 33FJ /

33EP — LaunchPad XL Piccolo / Delfino — dSPACE
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