Raspberry Pl v pohybu

tutorial Europen kveten 2015



Agenda

novinky z RasPI blogu
GPIO, vstup, vystup

"WM

DC motor a H-mustek
Krokovy motor

Servo

analogoveé vstupy a vystupy




Raspberry Pl blog

RASPBERRY Pl MODEL B+
FIVE MILLION SOLD!
RASPBERRY Pl 2 ON SALE NOW AT $35
o A 900MHz quad-core ARM Cortex-A7 CPU (~6x performance)
o 1GB LPDDR2 SDRAM (2x memory)
o Complete compatibility with Raspberry Pi 1
https://www.raspberrypi.org/blog/archive/

e GERT'S VGA ADAPTER

e PIJUICE: PORTABLE POWER FOR YOUR PI PROJECTS
e PLOTTER MADE FROM SCRAP COMPUTER PARTS

e RASPBERRY Pl WEATHER STATION FOR SCHOOLS


https://www.raspberrypi.org/blog/archive/
https://www.raspberrypi.org/blog/archive/
https://www.raspberrypi.org/pijuice/

GPIO pin

e vystup max 8 (16) mA jeden
vystup, max 50 mA
dohromadly.

vstupni rozsah 0-3,3V
pull-up, pull-down rezistor
ochranné diody

hysterezni obvod

http://www.mosaic-industries.
com/embedded-systems/microcontroller-

projects/raspberry-pi/gpio-pin-electrical-
specifications

Equivalent Circuit for Raspberry Pi GPIO pins
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GPIO programovani v Pythonu

import RPi1i.GPIO as GPIO
GPIO.setmode (GPIO.BOARD) # nebo BCM

GPIO.setup (pin, GPIO.OUT) # nebo IN
GPIO.setup(pin, GPIO.IN, pull up down=GPIO.PUD DOWN)

GPIO.output (pin, False)
i = GPIO.input (pin)

GPIO.cleanup ()

print GPIO.RPI_REVISION
# 0 = Compute Module, 1 = Rev 1, 2 = Rev 2, 3 = Model B+

print GPIO.VERSION

http://raspi.tv/2014/rpi-gpio-quick-reference-updated-for-raspberry-pi-b



http://raspi.tv/2014/rpi-gpio-quick-reference-updated-for-raspberry-pi-b
http://raspi.tv/2014/rpi-gpio-quick-reference-updated-for-raspberry-pi-b

GPIO programovani

vstup:

spinac, tlacCitko
dratova spojka (0,1)
otfesovy senzor
polohovy senzor

programy:

pouzijte vstup s internim pull-up nebo pull-
down rezistorem

vypiSte stav vstupu se senzorem nebo
tlaCitkem

doplnte indikaci o LED

doplnte indikaci o druhou LED s negaci




Pulse Width Modulation

Rizeni vykonu

e linearne=ztraty
e pulzne=ruseni
PWM

e Sirkova modulace W 1 1
e konstantni
kmitocet =
e proménna Sirka =
e duty 0-100% - L L L

Duty Cycle = Pulse Width x 100 / Period




Impementace PWM

SW (GPIO)
DMA - RPIO.PWM (https://pythonhosted.org/RPIO)

HW PWM - GPIO18 - Pin12 (http://wiringpi.com/)
PWM/Servo Driver - 12C interface - PCA9685

http://raspberrypi.stackexchange.com/questions/298/can-i-use-the-gpio-for-
pulse-width-modulation-pwm
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https://pythonhosted.org/RPIO
http://wiringpi.com/
http://www.adafruit.com/products/815
http://www.adafruit.com/products/815
http://raspberrypi.stackexchange.com/questions/298/can-i-use-the-gpio-for-pulse-width-modulation-pwm
http://raspberrypi.stackexchange.com/questions/298/can-i-use-the-gpio-for-pulse-width-modulation-pwm
http://raspberrypi.stackexchange.com/questions/298/can-i-use-the-gpio-for-pulse-width-modulation-pwm

GPIO.PWM programovani

pwm = GPIO.PWM (pin, freq)
pwm.start (dc)
pwm.ChangeDutyCycle (dc)

pwm.ChangeFrequency (freq)

pwm.stop ()
ukoly:
LED RGB dioda
e plynule rozsvitit e rotace barev

e namichat bilou



Napajeni vétSich spotrebicu

e VvétSi proudové odbéry z RPI - omezeni:
o $Spicky, ruseni
o proudova ochrana na desce RPI,
(reliable PTC fuse 0,75A)

e feseni: e w
o filtrace (kondenzatory) @ v @ o2y sxUF4007

o oddélené napajeni, dva napajeci zdroje mOn-[ . - I100n
a spoleCna zem s ¢ -|_-
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DC motor

stejnosmerné napajeni

smer otaceni rotoru urcuje polarita
otacky zaviseji na napajecim napéeti
pri zatezi otacky klesaji

obtizna regulace pri malych
otaCckach

e pro rizeni otacek se prevazne
pouziva PWM (malé ztraty)




H-mustek - princip

o PWM
® reverzace
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H-mustek - pFiklady obvodii ‘Fﬁ‘ o

e full bridge L9110 &

o napajeni 2.5-12 'V, SO i #014 H4(S0PB)
o max 800 mA na vystup

e dual full bridge L298

o vystup do 46V,
o max 2A na vystup,

o vstupni logika 5V (3.3V
funguje, hladina 15V) Multiwatt15




Vce

+5V

Vss

+6-42V

—{ SENSE 1




H-mustek - Fizeni

e plynule vpred: Vee Vs

, ® v @ +6-42v 8 x UF4007
o vstup A= PWM dle vykonu —
o vstup B=0 100nI - .|_.100n
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Krokovy motor - princip

Princip:

e zuby statoru a rotoru se pritahuji a
nastavuji se do pozice s nejmensim
magnetickym odporem,

e po sepnuti dalSi statorové civky se

magneticky obvod posouva k dalsim, 4
posunutym zubdm.

Vlastnosti:

e vysoka uhlova presnost
mensi rychlosti
velky moment i pfi nulové rychlosti
trvaly odbér
chybi zpétna vazba
o mozny preskok
o nastaveni pocCateCni pozice




Krokovy motor - rizeni

Ctyrftakt s magnetizaci jedné faze, dvou fazi, osmitakt, mikrokrokovani

Unipolar motor




Krokovy motor - ridici modul

ULN2003

e /7 kanalovy spinacC

e vstup TTL, CMOS

e vystup az 50V, 0.5A
e relé, krokové motory

Modul

e 4*vstup

e 4*vystupsLED
e napajeni 5-12V




Krokovy motor - program

stepper1.py

ukoly:

e vyzkouSejte rizné zpusoby
rizeni

T

e zjistéte maximalni pouzitelnou LEAk
rychlost rizeni

e zjistéte pocet kroku na jednu
otacku 360°




Servomotor

e Nastavuje a drzi
presne polohu

e Maximalni rychlost
pohybu zavisi na
konstrukci a velikosti




Modelarské servo - konstrukce

e Konstrukce:
o motor (DC) s prfevodovkou
o shnimac polohy (potenciometr)
o Tidici obvod

e Pfipojeni
o napajeci napéti (hnéda,
cervena)
o fidici signal polohy (oranzova) Output Spline\ Drive Gears

Servo Case
Control Circuit

Motor

Potentiometer



Modelarskeé servo - rizeni

nastaveni uhlu odpovida
délce pulzu

stredni poloha 1.5 ms

1-2 ms pro rozsah 90°
0.5-2.5 ms pro rozsah 180°
pozor na dorazy

povel opakovat kazdych
20ms = 50Hz

IE_A

Ty _

1w




Software pro servo - PWM

e fridici kmitocet 50 Hz
20ms =100%, 2 ms =10%, 1 ms = 5%
servo lze ridit PWM 50 Hz v rozsahu 5-10%

servo1.py, servo2.py,

roboticke ruce

nedostatek: nestabilni PWM, servo kmita

lépe RPIO.PWM s vyuZzitim DMA kanalu: https:
/[/[pythonhosted.org/RP1O/pwm_py.html



https://pythonhosted.org/RPIO/pwm_py.html
https://pythonhosted.org/RPIO/pwm_py.html
https://pythonhosted.org/RPIO/pwm_py.html

Analogove vstupy a vystupy

e vstup a vystup analogove veliCiny (napeti)
e RPIl analogové vstupy standardne nema
e potrebujeme externi obvod

o analogovy vstup - RC Clen - vybiti kondenzatoru a

meéreni doby nabiti na log “1” http://abyz.co.
uk/rpi/pigpio/ex_LDR.html

o analogovy vystup - odporova matice

o A/D a D/A prevodnik - specialni obvod, pripojeny
pres rozhrani



http://abyz.co.uk/rpi/pigpio/ex_LDR.html
http://abyz.co.uk/rpi/pigpio/ex_LDR.html
http://abyz.co.uk/rpi/pigpio/ex_LDR.html

A/D prevodnik, parametry, rozhrani

SPI rozhrani
8 A/D kanalu, kazdy 10 bitu (0-1023)
2.7-5.5 'V, 75-200 ksps
Analogova Cast:
o VREF, AGND - referen¢ni rozsah
o CHO-7 - méfené napéti
Digitalni Cast:
o VDD,DGND - napajeni
o CLK,DOUT,DIN - seriovy pfenos
o CS - vybér obvodu

Dokumentace: http://www.adafruit.
com/datasheets/MCP3008.pdf

cHo O1 ~ 160 Vpp

CH1 02 15H VRer
CH2 03 = 140 AGND
cHaO4 9 13pcLk

CH4 O5 & 120 Doyt
CHSO6 § 11D

CHe O7 100 CS/SHDN
CH7 [18 9 1 DGND



http://www.adafruit.com/datasheets/MCP3008.pdf
http://www.adafruit.com/datasheets/MCP3008.pdf
http://www.adafruit.com/datasheets/MCP3008.pdf

Propojeni
MCP3008

15 (VREF) ,16
(VDD)

14 (AGND), 9
(VGND)

13 (CLK)

12 (DOUT)

11 (DIN)

10 (CS)

RasPI| GPIO

01 (DC 3.3V)

25 (GND)

23 (SPI_CLK)
21 (SPI_MISO)
19 (SP1_MOSI)

24 (SPI_CEO_N)

http://lwww.raspberrypi-spy.co.uk/2013/10/analogue-sensors-on-the-raspberry-pi-using-an-mcp3008/



Software

e spidev - knihovna pro SPI zarizeni
o http://tightdev.net/SpiDev_Doc.pdf

spi = spidev.SpiDev()
spi.open(0,0)

adc = spi.xfer2([1,(8+channel)<<4,0])
odesle: 0000 0001 1ccc 0000 0000 0000
pfijme: 3 bajty, z toho 10 bitd hodnoty napéti daného kanalu


http://tightdev.net/SpiDev_Doc.pdf
http://tightdev.net/SpiDev_Doc.pdf

Prenos dat SPI - MCP3008

CS MCU latches data from A/D

converter on rising edges of SCLK

Data is clocked out of Yyttt

SCLK 1| 12| [3] |4] |5] |6| |7| |8 9| hof (11| pq (13 14 15 1 1

AID converter on falling edges

L/
DIN Start\ DIFF @m@

HI-Z NULL
Dour giT/Boj(Be) 67 [Be|es)ayes) 62|t )60)

X ="Don't Care” Bits g s second 8 bits

n&cl;u gcrlans_r.twifttﬁq Data %Iatn
S ook [oJoJoToJoJoJo[1] BFfoz[oifoo[x [x[x]x] [X[X[X[X[X[X]X[X]
MCU Received Data
gﬁ'&%“gg’c‘;fo'g‘k{'s'"g|?|?|?|?|?|?|?|?| |2]2] 2] 2[?nujBo[B8| |B7|B6|B5|B4[B3]|B2[B1[B0|
[ | | | | |
Data stored into MCU receive Data stored into MCU receive Data stored into MCU receive
register after transmission of first register after transmission of register after transmission of last

8 bits




Priklady mereni

e test funkce
o VDD (1023)
o GND (0)
e odporovy delic
o mereni napeti > VDD
(stav napajeni)
o termistor

o fotorezistor
o potenciometr




Diky za pozornost

Jifi Borik
borik@civ.zcu.cz



