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Agenda TSEA29 e 4
* Enchipsdatorn AVR www.atmel.com
 Kommunikation . '
e Sensorer
* Reglerteknik
* Avbrott
+ Raspberry Pi
www.avrfreaks.net
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Enchipsdatorn AVR
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AVR Enchipsdator = allt pa ett chip

CPU, RAM, ROM,
I/0 (parallell, seriell, A/D, timer/counter, PWM, 12C, SPI, ...)

8 8 8 8
AVR-familjen. 8-bits RISC-dator + I/O
cdk — [I/oA| [1/0B]| |1/0C| |I/0D AVR = Alf Vegard Risc
rst  — I [ | |
4 —1 [Flash | RAllVI E\E
Flas
Prog 7 Py Data Data
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ATmegal284 <-> ATmegal6<-> ATmegal68

Egenskap 1284 |16 |

Instruktioner 131 kraftfulla!

Register 32 generella 8-bits

Flash 128 kB 16 kB

(program,konstanter)

EEPROM 4kB 512B m )
(konstanter)

SRAM (variabler) 16 kB 1kB

/O (pinnar) 32 (40) 32 (40)

Avbrott (antal) 36 20

I’C 1 1

e 3 ) 168 1284, 16
UART 2 1

8-bit timers 2 2

16-bit timers 2 1

PWM (kanaler) 6 4

A/D (kanaler) 8 8

klocka 0-20 MHz | 0-16 MHz
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Principschema : 2-stegs pipeline

Memaory

Program | Status 3
Flash ._I I-o ‘
Frogr Counter and Gonitral :

2x8

General
Purposs

[ Reqgistrers

Instrusbin

Regisi

{

Motor,
i Servo,

3 _, Sensor,
: SRAM [ ' Bluetooth,

[%]
E]
]
(-8
|1
5
]
Dirsct At masing

Indrect Addressing

huouyoe =Y |
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9
Hur fort gar det?
Med 20 MHz klocka gér AVR 20 MIPS (miljoner instruktioner per sekund)
Hamta1l | Hamta 2 ’ add brpl XXX yyy
Verkstall 1| Verkstall 2 add brpl nop yyy
20000 instruktioner per millisekund!
OBS, en FPGA pa samma frekvens ar klart snabbare!
—> —
processor sekvens-
nat
Kk— —
\ \
20 MHz 20 MHz
v s
9
Programmerarmodell .
Program space
Register File Data Address Space $0000
R F0000
A1 $0001
A2 30002
32 - .
=3 TR Application Flash Section
B30 §UU1E
[ I ﬂmF
O Registers [ !
: $00 $0020 3 :
$3D 005D
i m OQE o
af 20l
Internal SRAM
e
Boot Flash Section
1024 ] $1FFF
S045E
JO400
8 16
+——>
II LINKOPINGS
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[ e
PDIP 4 1 1
o ‘ PORTA UG TALINTERFACE | PORIC CIGITAL INTERFACE
(XCK/TO) PBO [ FAD (ADCO) I
(T1) PB1 [ Pa1 (ADCT)
(INT24/AIND) PE2 [0 Pa2 (ADC2) s
(OCOIAINT) PB3 [0 Pa3 (ADC3) e
(58) PB4 [ a4 (ADC4) —'< "L'\J;:& l—'l nrERrace I'—'
(MOSI) PBS 2 Pas (ADCS)
(MISC) PBS B Pa6 (ADCE) W e
SCK) PBT 7 C7) =
ey 5 e e e
VCC P GND
GND B Aavco
KTAL2 [0 PCT (TOSC2) FROGRAM
XTALY g PC6 (TOSC1) e [
(RXD) PDO B PCs (TDI) I
{TXD) PD1 [ PC4 (TDO) _—
(INTa) PD2 B rca cwsi "o | L Soena osciLLATER =
(INT1} PD3 b PC2 (TCK) REGISTERS —
(OC18) PD4 b Pt (sDA} ki T TaLE
(OC1A) PDS B PCO (SCL) 4] i  RESET
(ICP) PD& b po7 (oC2) feeent] [——= BT
e Stora AVR-en har 4 portar -
(A,B,C,D) a 8 bitar.
¢ Varje port kan vara en parallell- H| -
.
port eller nagot annat.
o Till porten hor ett antal
" o ;
I/O-register. 4 T T ;
‘ [ —— | [ —— |
LINKOPINGS
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Ett litet exempe 14

AVR

r0

rl —»

S ddrB

PBO

E

1

PB1

PB2

PB3

PB4

PBS

PB6

PB7

bar LED

DIP switch

II “ LINKOPINGS
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En pinne/bit i port B

Har ar pinnen! —<] = l PuD
[T ]a
o WDx
RESET
RDx
T
=l — @
R I e =
g
o WPx 8
RESET
SLEEP :nnx
SYNCHRONIZER
o
Alltsa
* 3 ist PUD:  PULLUP DISARLE W BETR v
reg|s er gizp: SLEER CONTROL EJE%: gﬁ@%ﬁ‘é&?ﬁm
* skriv till PORT

* |as fran PIN

15

DDRBnN

PORTBN

PINBn

LINKOPINGS
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Vanlig digital in/ut-matning - asm

.include "mlé6def.inc"

.org O

; Skriv 00001111 i datariktningsregistret

1di rl1l7, (1<<DDB3) | (1<<DDB2) | (1<<DDB1) | (1<<DDBO0)
out DDRB,rl7

TILLBAKA:
; Lds av pinnarna
in rl6,PINB ; kolla tryckknappar 7,6,5,4
; Skifta ner rl6 fyra ganger
swap rlé
; Skriv ut pa LEDarna
out PORTB,rlé

jmp TILLBAKA

16
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Vanlig digital in/ut-matning - C

#include <avr/io.h>

int main(void) {

uint8_t i;

/* Define directions for port pins */
DDRB = (1<<DDB3) | (1<<DDB2) | (1<<DDB1) | (1<<DDRBO) ;

while (1) {
/* Lds av DIP-switchen */
i = PINB; /* kolla tryckknappar */
/* Skifta 4 steg hoger,
skriv ut pd LEDarna */
PORTB = i>>4;

Kommentar:
1) 1/O-programmering likadan som i asm!
2)  Nytt ar variabeln i. Var bor den? Hur stor ar den?

17
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Assembler <-kontra-> C-programmering

@ Manualen har exempel fér bada

@ CPU registren r0-r31 "férsvinner”

I/O-programmeringen likadan.
64 |/O-register

datatyper ...

Tidskritisk kod?
Mer "kédnsla” for maskinen ?

O @ Det gar att blanda,
fast gor inte det

@Struktur, if-satser, for-loopar ...,

@ Kompilatorn fixar
kod for avbrottsvektorer

LINKOPINGS
II.“ UNIVERSITET
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Utvecklingsmiljo for Atmel

19
*Windows — Atmel Studio (asm, avr-gcc)
JTAG-kabel
USB-kabel _ "
1) Upload + Programmering
2) Lasa/skriva register (vrida pa huvudet ...)
3) Singlesteppa
4) Kéra med brytpunkt adress/data 1) Lasa/skriva register
2) Singlesteppa
3) Kora med brytpunkt program/data
4) Stimuli (mata in 0/1 p& pinnarna)
v s
19
- GecApplication (Debugqing) - AtmelStudio - o EEH|
File Edit View VAssist{ ASF Project Build Debug Tools Window Help 20

Bme oL

GecApplication|

nie- Ringgne = - HI e N o
W@ kg

GecApglicationl.c

4| B B [Debug

[ |

Properties

LINKOPINGS
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R oR R B oA o8 OB 0

D main 9 intmain(veid)  ~|¢"Go Mame
= Program Courtter
* Created: 2013-89-22 10:57:07 Stack Pointer x40F8
= Author: olles X Register 0x010A
L=
¥ Register 0x40F8
Z Register 00103
sinclude <avr/io.h> Status Register [DDHEVUNBAQ
285
ints_t a[] = {1,2,3,4,5,6,7,8}; G oy
int1s t b=0; Frequency 16,000 MHz
Stop Watch 17,88 s
Slint main(veid) rd
: & Registers
register intls_t mac=8; ROD 0]
register uint8_t i; RO1 000
= for (i=B; i<8; itf) 2 0
mac += a[i]*a[i]; RO3 000
RO4 000
b = mac;
return(8); L] ]
¥ ROB 000
RO7 000
RO8 000
100% ~
Watch 2
| Name | Value | Type Memory: | prog FLASH
i |3 | uintd_tiregistersj@R1S - 45 <o 00 60 60 <@ 00 20 Se
v mac | | int16, o Sc c@ 88 @8 53 <@ 88 @ 58
roj 56 c@ @@ 20 54 c@ 8@ e 52
O 58 c@ 02 28 4= cO 80 @8 4c

4a c@ @9 @0 45 c@ 00 00 46
44 co 90 @0 42 cO 92 20 40 cO 60 00

3e c@ 88 88 3c

B Output

20
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|© vcvingo 0 Progrem Counter  0x0000008C "
 200@0878 SUBI R24,0xB0 o mm———— oy
@00@887C SBCI R2S,BXFF Subtract immediat A Register 00104
@082287D MOWW R38,R24 Copy register pai ¥ Register 04DF8
@0ee007E LDD R24,7+0 Load Lnd?rect wit 7 Register 50103
@6GEETF MOV R18,R24 Copy register .
20006080 CLR R1S Clear Register StatusRegistr  IDEEVE@QC
@60@e651 SERC R1B,7 skip if bit in re Cycle Counter 286
20000082 COM R1S One's camplement Frequency 16,000 MHz
@@eee883 MUL R28,R1B Multiply unsigned|
20086654 MOVW R24,RO Copy register pai Stap Watch 17.88 us
20866085 MUL R20,R19 Multiply unsigned [| @ Registers
@60@eE55 ADD R25,RE Add without carry
@BREEEB7 MUL R21,R18 Multiply unsigned ROO 200
@06GGEES  ADD R25,R0 Add without carry RO1 000
@0666682 CLR R1 Clear Register ROz 000
206EGBA ADD R16,R24 Add without carry
@06@eESE  ADC R17,R25 Add with carry Ro3 00,
for (i-8; i<B; i++) RO4 000
= @68@E6BC INC R1S Increment ROS 000
S
2066608D LDI R31,8x87 Load immediats | R% 0
Watch 2
Name | Value Ty Memory: | data IRAM B i
0i |3 uintd tregisters}@R15 9x9166 1 82 03 84 @5 96 @7 83 00 00 0@ 84 .
¢ mac |30 int16_t{registers}@ R17 R16 ovP1EC 0@ 0O 0D @2 G0 00 80 80 00 60 0B 8B .
vb |0 int16 t{data}@0x0108 axpl15 8@ 80 60 BC @0 00 60 B0 BG 60 6@ BA ...
v a {int8_t[2]{data}@0x01{ int8_t[8]{data} @ 0x0100 ax@l24 66 00 00 00 00 00 00 00 00 PO 00 eD ...
2x@132 0@ 00 B0 @6 00 00 91 02 0O BO 9O 60

LINKOPINGS £l Watch 2
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Kommunikation (pa olika ”“sprak”)

UART
I2C

SPI
Parallell

I “ LINKOPINGS
UNIVERSITET
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-

Hur kommunicerar processorerna .
med varandra och med omvarlden?

N

Servo/
< :* Modul 1
t |
motor Atmel “
c
o
|1 Modul 2 ~ S
sensorer >
<'\:* Atmel '-§
=
Tradlos
;_ Modul 3 “
g e
KR
23
1) UA RT (Universal Asynchronous Receiver/Transmitter) e
Protokoll: startbit databitar 1 stoppbit
Firefly Dongle —
AVR]. ___,| Bluetooth \ﬁ Bluetooth
UART1 | | modul pinne USB
[UART2 [ o E—
/
* Max 115200 BAUD (databitar per sekund)
AVR2 -g— * Full duplex
-UARTl
* Flaggor signallerar sant/mottaget data klart'¢
* Endast punkt till punkt
s | Wy
24

10
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2) |2C - Inter Integrated Circuit 25
TWI -two wire Interface

« Enkel 2-tr@dsbuss (+ jord) Figure 81. Typical Data Transmission
* AVR kan vara Master/Slave

* AVR kan vara Sandare/Mottagare
» 7-bits adress => 128 slavar =]
» Multimaster arbitration supported

Datn LSE  ACH

- Upp till 400 kHz (200 kHz i praktiken) e B
IRQUl IRQ1 ‘
AVR1 AVR2 AVR3 AVR1 AVR2 AVR3
master] |master| master master| slave slave
L l l SDA L l L SDA
SCL
Multimaster Master / Slaves
Coolt men svarare! Vanligare, lattare!
s
25
2) |2 C - Two wire interface Inter-integrated-circuit %
master slave slave
AVR1 AVR2 AVR2
bit rate ] TWBR ] TWBR [ TWBR
control ] TWCR [ ] TWKR ] TWCR
status ¢ ] TWSR [ ¥ ] TWSR - TWSR
data 1 TWDR 1 TWDR ] TWDR
slave address | ] TWAR 1 TWAR ] TWAR
+
10 kohm
® SDA
26
SCL
oo

26

11
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3) SPI )

Serial Perlpheral The Serial Peripheral Interface (SPI) allows high-speed synchronous data transfer

Interface — SPI between the ATmegalb and peripheral devices or between several AVR devices. The
ATmegal6 SPI includes the following features:

Full-duplex, Three-wire Synchronous Data Transfer

Master or Slave Operation

LSB First or MSB First Data Transfer

Seven Programmable Bit Rates

End of Transmission Interrupt Flag foax = 8/4 MHz

Write Collision Flag Protection

Wake-up from ldle Mode

Double Speed (CK/2) Master SPI Mode

Figure 66. SP| Master-slave Interconnection
MSEB MASTER LSE MSE SLAVE LsB

MISO  MISO
’—{ 8 BIT SHIFT REGISTER H 8 BIT SHIFT REGISTER }4-‘

MOS| MOSI o, h A

= )

SHIFT
EMAELE

5CK
5

Pl -
CLOCK GENERATOR [ ™

AVR1 (master)

EﬂlU’]
ol |10
=
ol

Yy

AVR2 (slave)

LINKOPINGS
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3) SPI .
Slavarna kan anslutas seriellt: Eller parallellt:
SCLK ¥ SCLK SCLK. » SCLK
SPI MOS| » MOSI SPI MOSI » MOSI SPI
Master MISO &—— —— MISO Slave SPI MISO MISO Slave
SS E5 Master S51 S5
552
553
—> SCLK — SCLK
——» MOSI SPI t+——» MOSI SPI
T Miso Slave MISO Slave:
SS S5
—» SCLK —» SCLK
— MOSI SPI —| MOSI SPI
Miso Slave MISO Slave
ss Ss
CPOL=0 _ I\ iy —
SCK  cpoL=1 =LA
SS 1 I
Cycle # D= S a5 e Y7 Y8 Y
CPHA=0 MISO X 21 2 S 1a (s (e (7 8 =
Protokollet: MOS|I IO E G E s 7 s e
Cycle # Oz s a5 (e 78X
CPHA=1 MISODO I Yz Y3 YaYs ey Y8}z
MOSI DOIZIGIE GO ITIE T  giger fran wikipedia
LINKOPINGS
Ilo“ UNIVERSITET
28
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AVR1 AVR2

Data

Handskakning

+ Enkelt (?)

- Manga pinnar

- Eget protokoll

- Dubbelriktad (?)

- Egen handskakning

29

LINKOPINGS
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Sensorer

- A/D-omvandling
- Reglerteknik

- Telemetri

- Tidmatning

- Avbrott

II LINKOPINGS
o UNIVERSITET
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Sensor 1: IR-avstandsmatare .

Object

Cbiject

Foint of Reflection "/v
@
g

spanning

Features

* Less influence on the color of reflected objects, reflectivity
* Analog voltage corresponding to distance

* Detecting distance: 4 to 30 cm, 10 to 80 cm, 20 to 150 cm
 External control circuit unnecessary } }
* Low cost

avstand

LINKOPINGS
II." UNIVERSITET
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Sensordata .,

Ett exempel ur verkligheten:
IR-avstdndsmatare ger 25 méatvarden/s i form av analog spanning
0->3V. Vi kopplar den direkt till en AVR, som har A/D-omvandlare.

ELIDTLE L Vid narmare studium av
sensordatas kvalitet pa
oscilloskop upptacks
stérningar pa matvérdena!

Bast ar att bli av med
dessa, med ett
|&gpassfilter, innan
signalen gar in i A/D-
omvandlaren.

LINKOPINGS
II.“ UNIVERSITET
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Sensor 2: Tejpsensorn

mater tejpens lage

+5
R1 R2
analog spanning
[0-5]V
E IR-lysdiod
v s
33
Sensor 3: Linjesensor ,
Vart sensorpaket, o
11 sensorer (LED + fototransistor), Er_1"b|t tejp,
e Lises av med A/D Ojamn_, varierande
¢ Varje sensor kontrollerad belysning
ljust=0V, mérkt =5V
O O O o O O O
® 6 @ ® ® 0 O
vy

34

15



Att mata analog spanning:
A/D-omvandling

omvandlare =— analog
mux

EVéirde 10 bitar
KontroII/Status

8 kanaler
0->5V =>0->1023

Start .... (gor nat annat)

35

+5

J5
:

\/4

Fardig
-?.
hovu s
35
Sensordata y
2
1 N
A A } T } A k
' 1 2 3 4 5
Enkel tyngdpunktsberakning: kTZkak/ka = (2*3 + 2*%4 + 1*5) / (242+1)=
2 k =19 /5 = 3,8
Felet: e:3,S—kT = 3,5 - 3’8 = -0,3
v s
36

9/16/2021
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Lite reglerteknik .

Hur gér man egentligen for att
1) g& mitt i en korridor?
2) félja en linje?

trots att
1) 4-beningen haltar lite grann
2) linjen bojer av
3) golvet lutar

«_— lagessensor E:E

T styrdon

LINKOPINGS
Ilo" UNIVERSITET
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Lite reglerteknik .

Vi maste konstruera en enkel linjar tidsdiskret regulator.

1) Vibestammer oss for ett lampligt AT, dvs tiden mellan
tva sensoravlasningar.

2) Forroboten i korridoren bildar vi felet e[n] = x,[n] — x,[n]
For linjefoljaren far vi felet direkt ur sensorn.

3) Enregulator bildar en lampligt styrsignal u[n]
mha av felet e[n].

felsignal styrsignal
— Regulator — ]
e[n] uln] Vi antar att u[n] = 0 rakt fram
u[n] > 0 svang hoger

u[n] < 0 svang vanster

och att e[n] = 0 mitt pa linjen
e[n] > 0 vanster om linjen
e[n] < 0 héger om linjen

LINKOPINGS
II.“ UNIVERSITET
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Lite reglerteknik

Enklaste regulatorn: P-reglering
uln] = K,*e[n]

Rattutslaget proportionellt mot
felet, dvs olika rattutslag (+/-) for
olika storlekar pa felet

39

LINKOPINGS
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Lite reglerteknik

Vad hénder for olika storlekar pd K, ?

Borvarde
'y
For stort Kp

Lagom Kp
T

V

For 1itet Kp

Stegsvar

o ¥

For stort K, :
risk for sjalvsvangning.

For litet K :
insvangning tar for lang
tid.

Lagom K :
har en liten 6verslang, som kan
reduceras med en deriverande del (D-delen)

40

LINKOPINGS
II.“ UNIVERSITET

40

18



9/16/2021

Lite reglerteknik

Nast enklaste regulatorn: PD-reglering

uln] = Kp*e[n] + Ky*(e[n] —-e[n-1])

Alla bilarna har samma e[n]
=> samma positiva P-del

1) Neg D-del => minskat rattutslag
2) Pos D-del => 6kat rattutslag
3) Mycket neg D-del =>

styr at andra hallet

I-del behévs ej, kvarstaende reglerfel
finns ej har! e=0 => u=0

ST L

41

LINKOPINGS
Ilo" UNIVERSITET

41

Lite reglerteknik

1) Det ar viktigt att kdnna till AT.
PD-formeln ska ju egentligen se ut sa har:

e[n]—e[n—1]

ulnl|=K,-e[n]+K, AT
=K, e[n] +&(e[n] —e[n—1)])
S AT

Det &r ju felderivatan vi ska reagera pa!!!
Styregenskaperna ska inte dndras om AT dndras!

Variant: om vinkeln kan matas

uln]=Kp-eln]+K, ¢

Var forsiktig

med talomradet!
Anvéand C,

intl6e t u,e,

Styrstopp?
if u>MAX

u=maxy; ..

42

LINKOPINGS
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Lite reglerteknik

Hela PID-regulatorn, inklusive I-del:

43

uln] = Kp*e[n] + K;*(e[n]+...+e[0]) + Ky*(e[n] —e[n-1])

Né&r behévs I-delen?

Nar P- eller PD-regulatorn inte helt kan ta bort felet.
Typiskt nar omgivande férutsattningar férandras.
T ex vid reglering av nivan i en vattentank, dar vatten

standigt komsumeras.

T ex nar nagot befinner sig i fritt fall, som ska behalla

konstant hoéjd.

LINKOPINGS
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Lite reglerteknik

inflode

|

borvarde

—

utflode

44

\ Med bara K,

}e

/

v

infldode =K, *e

N Med K, och K;

7§rerat fel e, (summan av fel sedan t=0)

S
>

infldéde =K,*e + K, *¢,

LINKOPINGS
II.“ UNIVERSITET
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Telemetri

Det &r bra! Men varfor da?

. Latt att se inre tillstandet i systemet, nar det ar
i drift och rorelse!
T ex varfor gjorde den sa?

. Latt att stalla in reglerparametrar,
i realtid!

tx
Inbyggt Firefly

t
system -

45
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. .
Sensor 4: Ultraljud .
Voltage Sv
Frequency 40KHz
i 1
tnggﬂ/_, Max Range 3m
—F
echo 4 Min Range 3cm
Sensitivity Detect a 3cm diameter stick at >
2m
Input Trigger 10uS Min. TTL level pulse
Echo Pulse P0s1t1V§ TTL level signal, width
proportional to range.
trigger

echo

LINKOPINGS
II.“ UNIVERSITET
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Timer/Counter

47
AVR har 3 timer/counters (ATMega 16)
Detta &r timer/counterl.
” " Count Tovn
: Clear (Int.Req.)
Direction Gentrol Loglc clky, Clock Select
| 5
Detector
TOP | BOTTOM '
\ { From Prescaler )
- = =0
OCnA
* ‘A f (\m.nneq.)
Y !
e | | Waveform
OCRnA ; %
[
! ed ocnB
| Toe ’—'(\ntﬂea»)
w 1 |_Values
g | Generation
s |
< |
o ; ( From Analog
: Comparator Ouput )
i
I
£ |
_____________ i
[ TCCRnA ] [ TCCRnB
LINKOPINGS - ¢ 3
ll.ll UNIVERSITET i
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Att mata tidpulser .

S

Polling

1) Vinta pa att pinnen gar hog
2) Lasavraknaren TCNT1

3) Vinta pa att pinnen gar lag
4) Léas av raknaren TCNT1

5) Subtrahera

Avbrott

1) Satt upp ICR1 for att ta
en timestamp pa positiv flank
pa pinnen

| avbrottsrutinen

Las av TCNT1, lagg i en variabel
och stéll om polariteten

pa flanken

”|

Variabeln innehaller "avstandet

LINKOPINGS
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Att generera tidpulser Pulsbreddsmodulering (PWM)
"D/A-omvandling”

avbrott

I

i 5

l R T ex motor
-komp

I

Kontrollera om motorn/servot reagerar pa pulskvot eller
pulsbredd!

LINKOPINGS
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51

De flesta servon reagerar pa pulsbredd

servol
servo2

servo3

«—>

1-2ms 1-2ms

servol
20 ms servo2

servo3
AVR PWM

LINKOPINGS
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.
o
ynamixXel-Servo (gaende robot + robotarm) 53
¢ Kommunicerar via UART, 1MBaud!
* Kan rotera med olika hastigheter
¢ Vinkelomradet kan begransas
e Drivkraft kan begransas
¢ Belastning, spanning, temperatur,
position m m kan lasas av
DIRECTION_PORT 5v
74HC126
L—» DATA(PIN3
_96V 1 L VDD(PIN2)
|, GND(PIN1)
T4HC04
CM-5 internal circuit (HALF DUPLEX UART)
1 " LINKOPINGS
@& UNIVERSITET
53
3_4' CONtrol Address Item Access Initial Value
. Table [G{oX00) | Model Number(L) [ "D | 1200800
- rvo [ToXoT) | 1ioael Number(i) RO 0000 |
2(0X02) | Version of Firmware RD 7 54
3(0X03) 1D RD.WR 1(0x01)
° [ 3{0x04) | Baud Rae RD.WR 1(0x01)
S{0X0: Return Delay Time RD.WR 250(0xFA)
(gaende robot + robotarm) e
7(0X07) CW Angle Limit(H) RD,WR 0(0x00)
8(0X08) CCW Angle Limit(L) RD.WR 255(0xFF)
9(0X09) CCW Angle Limit(H) RD.WR 3(0x03)
10(0x0A) (Reserved) - 0(0x00)
EEPROM [TT(0X0B)| _ the Highest Limlt Temperature RD.WR 85(0%55)
Area < T2(0X0C The Lowes! Limit volage RD.WR 60(0X3C)
13(0X0D ihe Highest Limit Voltage RD.WR 190(0xBE)
[T30X0E)| _ Wax Torqueis) RD.WR 255(0XFF)
15(0X0F Max Torque(H) RD.WR 3(0x03)
16(0X10)] Status Return Level RD,WR {0X02)
. o 17(0X11)] Alarm LED RD.WR {0x04)
Sty rs Vla m a n ga TE(0X12)]  Alarm Shutdown RD,WR (0x04)
19(0X13)] __(Reserved) RD.WR (0X00)
. 20(0X13)] __ Down Caibration(L) RD 7
olika parametrar B ST = :
22(0X16)] Up ) RD ?
. . . 23(0X17)] _Up Callbration{A) RD 7
I Servots Interna mlnne 9 24(0X18)] __7orque Enable RD,WR {0X00)
25(0X19)] LED RD,WR {OX00)
26(0X1A)| CW Compliance Margin RD.WR |(0X00)
27(0X18] CCW Compliance Margin RD,WR (000 )
28(0X1C Cw Compliance Slope RD.WR 32(0x20)
ZO(0X10)] _ CCW Compliance Slope RO.WR 32(0x20)
30(0X1E Goal Position(L) RD.WR [AddriG]value
FT(OXIF Goal Position(H) RD.WR [Adara7)vaiue
32(0X20)| 110vIng Speed(L) RD.WR
33[0X2H| Moving Speed(H) RD.WR
34(0X22) Torque Limit(L)y RDWR [Addr14] value
35(0X23)] Torgque Limit(H) RD.WR [Addr15] value
RAM 36(0X24)] _ Present Position(L) RO
Area 37(0X25)| Present Fosition(H) RD ?
3B(0X26)]  Present Speed(L) RD 7
39(0X27)| _ Present Speed(H) RO 7
40(0X28)] Present Load(L) RO K
e 7D 7
M' Present vollage RD 7
13(0X2B)| _ Present Temperaiure RD 7
FA(0X2C)|  Registered nstruction RD.WR {0X00)
45(0X2D) (Reserved) = (0x00)
26[02E) Moving RD {0X00)
I LINKOPINGS A7[0x2F)|__ Lock RO.WR (0x00)
I.“ UNNERS”’ET 48[0x30) Punch{L) RD.WR 32(0x20)
49{0x31) PunchiH) RD.WR 0(0xD0)

54
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Avbrottskallor i ATmegal6

55

Vector No. AF:irgrEersa:‘(zf Source Interrupt Definition Vektol"namn i C-pr‘Ogr‘am
1 $000" RESET External Pin, Power-on Reset, Brown-out
Reset, Watchdog Reset, and JTAG AVR
Reset
2 $002 INTO External Interrupt Request 0 INTO vect
3 $004 INT1 External Interrupt Request 1 INTl:VeCt
4 $006 TIMER2 COMP | Timer/Counter2 Compare Match TIMER2_COMP_vect
5 $008 TIMERZ OVF | Timer/Counter2 Overfiow TIMER2_OVF_vect
] $00A TIMER1 CAPT Timer/Countert Capture Event TIMER1 CAPT vect
7 $00C TIMER1 COMPA | Timer/Counter! Compare Match A TIMER]__COMPK vect
8 $00E TIMER1 GOMPB | Timer/Counter1 Compare Match B TIMERl_COMPB_Vect
9 $010 TIMER1T OVF | Timer/Counter! Qverflow TIMER1_OVF vgct
10 $012 TIMERO OVF Timer/CounterQ Overflow TIMERQ_COME vect
11 $014 SPI, STC Serial Transfer Complete SPI_STE_vecE
12 $016 USART, RXC | USART, Rx Complete USART_RXC_vect
13 $018 USART, UDRE USART Data Register Empty USART UDRE vect
14 $01A USART, TXC USART, Tx Complete USART_TXC ;ect
15 $01C ADC ADG Conversion Complete ADC vgct -
16 $01E EE_RDY EEPROM Ready EE EDY vect
17 5020 ANA_COMP | Analog Comparator ANK COMP vect
18 $022 T™WI Two-wire Serial Interface TwI:veCt_
19 $024 INT2 External Interrupt Request 2 INT2 vect
20 $026 TIMERO COMP | Timer/Counter) Compare Match TIMER® COMP vect
II." H“K/%EIE'H%EST 21 $028 SPM_RDY Store Pragram Memory Ready SPM_RDV_vec¥

55
Avbrott i AVR mega 16 (assembler) °
.org 0x0 ; hopptabell \
jmp RESET ;
jmp EXT_INTO ; yttre avbrott
1) En handelse satter en ¢
.org Oxlc
jmp ADC ; A/D omvandlaren klar Y, 2) Om avbrottet &r aktiverat
sa fas hopp till avbrottsrutin
( N\
RESET: ; har bérjar 3) Avbrottskoden maste:
; mitt huvudprogram Spara undan SREG
jmp RESET ) Ta ner
Betjana (kora avbottskoden)
(EXT_INTO: ; yttre avbrott ) Ta tillbaka SREG
reti reti
A J
(ADC: ; A/D-omvandlaren h
reti ; klar
A J
I sz
56
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Avbrott i AVR mega 16 (C-program) .

#include <avr/interrupt.h>

ISR(INTO_vect)
{

// kod vid externt avbrott INTO
}

ISR (ADC_vect)
{

// kod vid A/D-omvandling klar
}

void main()
{
// kod fér konfigurering av avbrott
sei(); // aktivera avbrott globalt
while (1)
{
// huvudloop, védnta pa avbrott
}
}

1) En handelse satter en ?

2) Om avbrottet &r aktiverat
sa fas hopp till avbrottsrutin

3) Avbrottet kommer
automatiskt att:
-Spara undan SREG
-Taner
-Betjdna (kora avbrottskoden)
-Ta tillbaka SREG
-Aterga

LINKOPINGS
Il.u UNIVERSITET
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Sensor 5: RFID

58

RFID Tags

RFID Card Reader
RS232 (UART)
2400 BAUD

LINKOPINGS
II.“ UNIVERSITET
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Sensor 6: LIDAR-lite v2/v3 .

Laseravstandssensor
* 15 cm upp till 40 m (1 cm uppldsning)
* |2C-interface

LINKOPINGS
Ilo" UNIVERSITET
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Sensor 7 : VL53L0X .

Time Of Flight, distance sensor

* 50-1200 mm

* 3-5V matning

* 3-5Vlogik

* |2C-interface
(adressbyte via 12C)

* 25-35° sensor-kon

LINKOPINGS
II.“ UNIVERSITET
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Sensor 8: Angular rate sensor ("Gyro”) .

Microelectronic Integrated Systems

Standard Features and Benefits

High resolution and dynamic range

Both digital (SPI) and analog outputs

Low acceleration and angular rate cross
sensitivity

Low zero rate output drift

Cost effective and compact solution
High-performance MEMS sensor in mono
crystalline Si yielding a superior long term
behavior reliability and dynamic range
Programmable bandwidth

Factory set full scale range

On chip EEPROM calibration

Small footprint (SMD CLCC32) with horizontal
mounting

Operating temperature range: -40°C to 85°C

SPloch —s
analog utgang

[y S S )

O oodd

MLX90609

Angular Rate Sensor (Standard version)

Application

U Navigation (dead reckoning)
O Vehicle stability
U Robots

Y Rate Axis, Z

LINKOPINGS
Ilo" UNIVERSITET
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Sensor 9 : LSM9DS0

Adafruit 9-DOF Accel/Mag/Gyro+Temp

* Accelerometer

* Magnetometer (kompass)
* Gyro

* Temperatur

e 5V-kompatibel

* |2C-interface

* SPl-interface

65
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Sensor 10 : LSM303DLHC .

Adafruit 10-DOF IMU Breakout - L3GD20H + LSM303 + BMP180

* Accelerometer

* Magnetometer (kompass)
* Gyro I

* Temperatur 225252589 O
* Barometer I||||||||||“”|
 5V-kompatibel (RRENRENRERRER R
e |2C-interface

* SPl-interface

LINKOPINGS
Ilo" UNIVERSITET
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Sensor 11 : Adafruit Precision NXP ,
9-DOF Breakout Board - FXOS8700 + FXAS21002

* Accelerometer

* Magnetometer (kompass)
* Gyro

* 5V-kompatibel

* |2C-interface

LINKOPINGS
II.“ UNIVERSITET
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Sensor 12 : Wii IR Camera

Ryktet sager :

* Ger (X,Y)-koordinater for
dom 4 starkaste
IR-kallorna inom synfaltet

* Kommunicerar med 12C

 3.3VI/0

* Datablad saknas,
googla pa "wii ir camera”
och hoppas pa tur

68
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Sensor 13 : Kamera
Till Raspberry Pi

* 8 megapixel
80° resp 160° synfalt

* Fixed focus s

* Klarar 1080p, 720p60, VGA90 ,: § g

* Avsedd for Raspberry Pi P8
W@aa

69
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Sensor 14 : RP-Lidar .

Light Detection And Ranging

* 360° Laser Range Scanner
* 4000 samples/s

* Rotation speed: 600RPM
* Resolution: 0.9°

* Range: 6m

* Price: $450!!

LINKOPINGS
Ilo" UNIVERSITET
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Sensor 15 : Laser-IR-detektor .

* SR-vippa som aktiveras nar
laserstrale traffar "vit yta”

* SR-vippa aterstalls med
yttre signal

* Kan bestyckas med IR-mottagare

LINKOPINGS
II.“ UNIVERSITET
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Raspberry Pi
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Raspberry Pi 3

* A 1.2GHz quad-core 64-bit ARMv8 CPU
* Bluetooth 4.1 BLE

* WLAN 802.11n

* 1GBRAM

* 4 USB ports

* Ethernet port

* 40 GPIO pins

* Full HDMI port

* Micro SD card slot

* Camera interface (CSl)
* Display interface (DSI)
* VideoCore IV 3D graphics core

* Combined 3.5mm audio jack and composite video

73
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Raspbe rry Pi (raspberrypi.org)

' ”The good ... and the bad”

PLUS MINUS
* Ett operativsystem .

-Linux (Raspian, Ubuntu)
* Stort arbetsminne, 1GB
* Kraftfull processor .
* Manga olika portar

-USB, HDMI, ETH

-Audio
* |/O-portar (3.3V)

(relativt AVR)

74

Ej 5V-kompatibel
* Skrymmande storlek

Kravande att anvanda

LINKOPINGS
Ilo" UNIVERSITET
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Kopplingsforslag 1 .
T “ USB ' UsB
>
usB
USB-Serie
RS232 (UART)
T <———  AVR1 AVR2 [ ™
mat — k sensor
12C/SPI
oo
75
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Kopplingsforslag 2 .

GPIO l GPIO
12C SPI
Level-shifter Level-shifter
12C

SPI

sy <— AVRI AVR2 [ semor

mat — k———— sensor

LINKOPINGS
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Labl : Mat-lab introduktion till Digital Discovery
\‘YW ‘ ‘ ]

o | Dses | B0 | Bsow

Logikanalysatorlab
Flera tillfallen, ga pa ett avdom
Anmalan i Lisam

80
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The End

Vad gora nu?

-Fundera och planera

-Kolla datablad
vanheden.isy.liu.se

-Tag kontakt och diskutera
eventuella funderingar
med handledare
eller bestallare.

28/10 : Designforelasning

86
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Anders Nilsson

www.liu.se
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