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Agenda TSEA29 e 4

* Enchipsdatorn AVR

www.atmel.com
« Kommunikation
 Sensorer
. Reglerteknik e R o
« Avbrott ”*“wv
« Raspberry Pi
 Labi1

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, ...)

clk

rst

irg

8

8

8

8

—1 [I/OA] |I/OB]| |I/OC /0D
N | \\
—>
Flash CPU RAM EE
Prog Data Data

AVR-familjen. 8-bits RISC-dator + I/O
AVR = Alf Vegard Risc
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ATmeqg

01284 <-> ATmegalb6<-> ATmega168

Egenskap 1284 16
Instruktioner 131 kraftfulla!
Register 32 generella 8-bits
Flash 128 kB 16 kB
(program,konstanter)

EEPROM 4 kB 512 B
(konstanter)

SRAM (variabler) 16 kB 1 kB

I/O (pinnar) 32 (40) 32 (40)
Avbrott (antal) 36 20

I’C 1 1

SPI 3 1

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

=

168

1284, 16
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Principschema : 2-stegs pipeline

clk
rst

-
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! Ciata Bus s-bit
Program Stats
Flash . 5
Frogram Counter and Conitral
Memory
Inermpt
X 22 Ed ¥ Unit
Instruzbon Ceneral
Regisk Pur ]
Reqistrers * Lirit
Instruction 'ﬁ'gb:hj.:.;
Decoder - 3 Tirner
2l 3 ~
b
i B ALL [ Anaiog
Controd Lines ﬁ_ T Comparaky
= a
L] [ o]
E <]
o E == 10 Moduled
Liata ol FO Module 2
SRAM » s
] O Modulen
EEPRCHM —t
1 Lines

1
1
:
< : » see

Motor,
Servo,
Sensor,
Bluetooth,




Hur fort gar det?

Med 20 MHz klocka gér AVR 20 MIPS (miljoner instruktioner per sekund)
Ar A A Ar ‘ add ..
brpl skipl
Hamta 1l | Hamta 2 add brpl XXX yyy XXX
Verkstall 1 | Verkstall 2 add brpl nop yyy Sklp]-:
yyy
20000 instruktioner per millisekund!
OBS, en FPGA pa samma frekvens &r klart snabbare!

Vid brpl-hopp till skip1l fas

processor sekvens- en extra nop, annars inte.
nat
% %
T T
20 MHz 20 MHz
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Programmerarmodell

Register File

RO
R1
H2

H29
R30
R21

I/0 Registers
$00

301
$02

$3D
$3E
e

Data Address Space

$H0000

$£0001

$0002

$001D

F001E

$001F

$0020

$0021

$0022

$0050

$005E

$005F

Internal SRAM

2000
$0061

$045E

$045F

A

v

Program space

$0000 |

Application Flash Section i
Boot Flash Section i
$1FFF |

A
v
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FAD - FET
F b b & & &

Poa- PCT
2 & &

T

B EEEER

| FORTA ORIVERSELFFERE

PORTC ORVERSEUFFERE |

i

i

POIP
| PORTA DIGITAL INTERFACE | ‘ PCOATC DIGITAL INTERFACE |
: - L
(XCHTO) PEO O 4 40 [ FAD (ADCO) i 1
(T} PE1 O] 2 0 Rad (aDCH) < >
(INTZiaINO) FEZ O] B 3 [0 rao (aDoz) —
(OCI/AINT) PB3 O 4 a7 O Pa3 (ADCE) bt ;
(53] PB4 O B 36 [ PA4 (ADCA) = ey l—'| INTERFACE |'—' '—" v
(MOsH PES O] K 86 O FAS (ADCS)
(MISO) PBE O 7 W O peg (ADCE) AREF ] =
“Hrds b e e B g =
voo O 10 a1 b Gno |
GHD O 11 a8 O avec !
xTAL2 O 12 28 b Fo7 (Tosc :I e I._.
XTALT [ 13 28 (O PCE (TOSC1)
[RXD] FOO O 44 g7 B ros Ton) xrjl”_.,
(TX0} PD1 O 16 20 [ PC4 (TOO) — =
(INTO) PO2 O 16 26 [ PC3 (TMS) ey | |ol| Semena n—-{ meTCHDoS |csclecR ':: =
(INT1) PO3 O 17 4 1 PC2 (TCK) REGIETERS —l_'H'
(DC1E) P4 O 18 23 O PC1 (S04} L X iz |
(OC1A) PDS [ 19 22 [ PCO (SCL) L] = MCUCTAL ST
(ICF) PDS O 20 21 O RPDT (OC2) N 3 RTIMRKT
CONTROL \NTERFLIFT INTERMAL
LINES UKIT CRCLLAToR
e Stora AVR-en har 4 portar -
N . AVR CPU - EEPRO
(A,B,C,D) a 8 bitar.

e Varje port kan vara en parallell-
port eller nagot annat.
e Till porten hor ett antal

COMP
INTERFACE

I

|/O-register.
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PORTH DIGITAL INTERFACE |

i

PORTE DRIVERE/BUFFERS |

PORTD DIGITAL INTERFACE |

i

PORTD DRIVERSEUFFERE |

Fa0- PET

T T FY T FN
PDa- FOT




Ett litet exempel

AVR

ddrB

PBO

ro

PB1

rl

portB

PB2

F vVY

pinB

PB4

PB5

r31

PB6

A A A A

PB7

T [

bar LED

DIP switch

14
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En pinne/biti port B

DDRBnN

Har ar pinnen! le»—od (== an

5]
PORTBN

wn
=
1 wil]
IE | [ < g
2.4 Z
T _l—WPx a
RESET

f SLEEP : RRx PIN Bn
] > :—::_—3::—:;5,:1
Rl i

. T clk o
Alltsa E
register SFEEP:  PhRSTERATROL L | Lt —
RPx: READ PORTx PIN

* skriv till PORT
* 1as fran PIN
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Vanlig digital infut-matning - asm

.include "mlodef.inc"
.org 0

; Skriv 00001111 1 datariktningsregistret
1di rl1l7, (1<<DDB3) | (1<<DDB2) | (1<<DDB1) | (1<<DDBO0)
out DDRB,rl7

TILLBAKA:
; L3s av pinnarna
in rlé6,PINB ; kolla tryckknappar 7,6,5,4
; Skifta ner rl6 fyra ganger
swap rlé
; Skriv ut pa LEDarna
out PORTB,rl6

jmp TILLBAKA
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Vanlig digital in/fut-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<<DDBO) ;

while (1) {
/* Lds av DIP-switchen */
i = PINB; /* kolla tryckknappar */
/* Skifta 4 steg hoger,
skriv ut pa& LEDarna */
PORTB = 1i>>4;
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Assembler <-kontra-> C-programmering

@® Manualen har exempel for bada

@ CPU registren r0-r31 "forsvinner”

|/O-programmeringen likadan.
64 1/O-register

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

Tidskritisk kod?
Mer “kansla” for maskinen ?

@ Kompilatorn fixar
kod for avbrottsvektorer

O @ Det gar att blanda,
o fast gor inte det
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Utvecklingsmil

JO

for Atmel

*Windows — Atmel Studio (asm, avr-gcc)

=7

USB-kabel /,_./" e -

JTAG-kabel

1)
2)
3)

A

Upload + Programmering

Lasa/skriva register (vrida pa huvudet ...)

Singlesteppa
Kéra med brytpunkt adress/data

/

1)
2)

4)

~

Lasa/skriva register
Singlesteppa
Kdra med brytpunkt program/data

Stimuli (mata in 0/1 p& pinnarna)
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- GecApplication1 (Debugging) - AtmelStudio i
File Edit View VAssist{ ASF Project Build Debug Tools Window Help

_Ij'-‘:l‘_'IJ'legﬂ|a'a::="’I‘._}||ﬂ'h";J'—_\:L u“{| i Wl | Debug |E§| ﬁl:‘jﬁﬂ@-&ﬁ;
IR E ST M g 3 k@l b |eaEESEs T Hx [P G E g B oy o i o ATmegal2id U

20

Disassembly GecApplication] GecApplicationl.c ~ Processor
E ] 7 z . M Yal
5 main "!.":-;IE? int main{void} 'lgGO Sme A
* =@ Program Counter Dl000008C
* Created: 2013-89-22 18:57:87 Stack Pointer Oxd0F8
* Author: olles X Register 104
| = .
3 ¥ Register Oned0F2
Z Register 0x0103
#include <avr/io.h» Status Register DOEEVEED
. Cycle Count: 286
ints_t a[] = {1,2,3,4,5,6,7,8}; il
intl6 t b=8; Frequency 16,000 MHz
Stop Watch 17,88 pus
Elint i id e .
T En aER0ai) E Registers
register intle t mac=8; ROO 000
register uint8 €t i; RO1 Dx00
o for (i=8; i<8; it+) R0O2 000
mac += a[i]*a[i]; RO3 000
RO4 w00
b = mac;
return(e); RS L
L} ROB 0x00
RO7 w00
RO3 D
100 % -~
|
Watch 2
| NE‘”?E_ Memony: | prog FLASH '| | . i
prog BEE 45 c@ @0 B2 68 cP OO A0 Se ¢ BB @8 EA..CA..MA.. A
prog Sc c@ BB @9 Sa co BB @@ 58 cB 88 @8 \A..ZA..XA..
___________ prog 56 c@ @@ 80 54 P 8@ 8B 52 cP 6@ 88 VA..TA..RA..
prog 56 cO @0 80 4= 9 B0 B0 4c cP 6@ 89 PA..NA..LA..
prog 4a c@ B0 8O 48 cP DO BB 45 cP 8@ BB JA. HA..FA..
prog 44 co 0B B0 42 O B0 B0 40 cB 6O B0 DA..BA..@A..
prog Je cO B0 @8 3c co B0 88 3a cP B8 B8 >A..<A..:A..
prog 2354 38 cP @0 B0 36 cO B0 @8 34 cd Be B8 BA..BA..4A.. v
B Autos B Locals [ Watch 1 FRIE M ¥ e WE O e Call Stack B Comm.. & Immedi.. B Output

Stopped
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» GecApplication1 (Debugging) - AtmelStudio

File Edit View VAssistX ASF Project Build Debug Tools Window Help
e - R R - B S AN [ IR e g e DR
P ERY Do Sikaly b | eEEe

-

MLl Ol GocApplication ] ¥ Processor

Address: |main Mame

Program Counter

Stack Pointer

()
=
z
2
o
5
5
@

SUBT 1,
SBCI , B t ! # Register

¥ Register
Z Register
Status Register

o ® &

G G0 G0 0 0 00 0 00 0 0 00 0 o0 00 0 0 o

(s3]
[ T N T v O e s T . T . O O O T o O . w Y w+

nmiog M m

(s3]

MOV R13,R24

CLR R19

SBRC RIB,7

COoM R19 e's complement
MUL R2&,R18 Mul

MOVW R24, R&

MUL R2€,R19

[s2]
[sx]

Cycle Counter

o @

Frequency
Stop Watch

tiply unsigned

wora

[s ]

= Registers

oW

ADD B75

oL iRt miltiply orsignes |
25, Re ut carry RO1

! - : ROZ
RO3

RO4

RO5

ROG

[s2]

~J

[un]
I s T s T Y O o O o O ' S Y [ A Bt |

[un]
co
(=]

(s3]
ca
o

(s3]

[ N B T < O O O T I R o v
] Ca

G G G & O 0 oo @ & O O o & 5 S @
[s2] (s3]
[ B I T R T O T O Y B O I % T I %

-
R31,8xa7

&, ASF Explorer .@ Processor

Watch 2

| Mame | Value
@i |3
@ mac |30
@b [0

H ¢ a

| Type
| uint8 t{registers)@R15

|int16_tiregisters)@ R17R16
[int16_tidata}@0x0108

ﬂ Watch 2

B Autos BF Locals % Watch 1

Stopped

Debug | B |

e -

b |3 D2 3

Walue
C:c0000008C
Cxed0F8
00104
(xd0F8
30103
DDEEWRE
286
16,000 MHz
17 88 us

(b0

A SOl Memory 1

"ﬁ‘ Solution Explorer B Properties

q] =

Memory: | data [FAM

. A,
S B oa
ct

G

o

4G
=

>f;

Do O DD
= 3
I = B B e

ke

| i o T e
W P
s oo

[~ =)

I Breakp...

@l 82 83 @4 @85 65 @7 88 be B8 e BB
@8 be 28 @@ 62 G2 B2 B0 BB BB BB BB
B @8 2@ @ 6B B0 BB 8O 08 B2 B8 BE
B @8 2@ @ 6B B0 BB 8O 08 B2 B8 BE
B8 B9 B @0 60 Be BE PO 0B 00 BB BE

B Call Sta.. BN Comm.. @@ lmmed.. B Output

21



Kommunikation (pa olika “sprak”)

- UART

- 12C

- SPI

- Parallell
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Hur kommunicerar processorernd
med varandra och med omvariden?

rSne(;)c/;)r/ <11:j1> Modul 1 l I

Atmel

Modul 2 “
sensorer < :::: >
Atmel

Ay ey

Tradbunden

\3
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1] UART (Universal Asynchronous Receiver/Transmitter) 24

Protokoll: startbit databitar 1 stoppbit

l/ ...... \l;

Firefly Dongle —

(AVR1 [ UaRTL -  madul e |, |UsB Pe

UART2 |z ' ' \
\_ /

* Max 115200 BAUD (databitar per sekund)
/AVR2 UARTL * Full duplex
) * Flaggor signallerar sant/mottaget data klart#
UART2 * Endast punkt till punkt

oo Y,




2] |2C - inter Integrated Circuit 25
TWI -two wire Interface

Figure 81. Typical Data Transmission

* Enkel Z‘trgdSbUSS (+ jord) Ackdr MER AJOTLEE RW  ACK Cata MBB [ata LB ACK
- AVR kan vara Master/Slave oF L D@ 0T 9 o sel O YO PEAE A of A, S
- AVR kan vara Sandare/Mottagare EL_I_WM_L
« 7-bits adress => 128 slavar | 1 2 T8 e R i v |
« Multimaster arbitration supported ETAAT B s e e
» Upp till 400 kHz (200 kHz i praktiken)
IRQO‘ "IRQl
AVR1 AVR2 AVR3 AVR1 AVR2 AVR3
master] |master master masten | slave slave
l l l SDA l l l SDA
® ® ® SCL @ @ L
Multimaster Master / Slaves
Coolt men svarare! Vanligare, lattare!
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2] |2C - Two wire interface Inter-integrated-circuit

master
AVR1 AVR2 AVR2
bit rate [ 1 TWBR ] TWBR ] TWBR
control [ 1 TWCR [ 1 TWCR [ 1 TWKR
status [ ¢ 1 TWSR [ ¥ ] TWSR e TWSR
data [ ] TWDR [ ] TWDR [ ] TWDR
slave address | [ ] TWAR [ ] TWAR [ 1 TWAR
A A {k A A
+
10 kohm
o o— SDA
| .

SCL
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3) SPI

Serial PEI’iphEFH| The Serial Peripheral Interface (SP1) allows high-speed synchronous data transfer
Interface — SPI between the ATmegalt and peripheral devices or between several AVR devices. The
ATmegalt SPIlincludes the following features:

Full-duplex, Three-wire Synchronous Data Transfer

Master or Slave Operation

LSE First or MSE First Data Transfer

Seven Programmakble Bit Rates

End of Transmission Interrupt Flag fmax = 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

MSE  MASTER L2z MISDE MSE SLAVE LSR
’— & BIT SHIFT REGISTER  |—af .o 8BITSHIFT REGISTER <-‘
| |

| | F ¥ A
- A | MOS|_ MOSI! o,

| |
! I

i i SHIFT

SPI 1 SCK SCK, EMABLE

CLOCK GENERATOR 55 —
— |
|

AVR1 (master) I

AVR?2 (slave)

27
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3) SPI

Slavarna kan anslutas seriellt: Eller parallellt:
SCLK » SCLK SCLK » SCLK
SPI MOSI » MOSI SPI MOSI » MOSI SPI
Master MISO |« MISO Slave SPI MISO |« MISO Slave
55 » SS Master SS1 » SS
552
E -
#{ SCLK » SCLK
» MOSI SPI » MOSI SPI
MISO Slave MISO Slave
» SS » SS
» SCLK »| SCLK
» MOSI SPI » MOSI SPI
MISO Slave MISO Slave
» SS P SS

CPOL=0 __/ "/
SCK  cpoL=1"\\nnnnnnr—

SS \ [~

Cycle# DYz YaYs e 178X

CPHA=0 MISO DAz 3 a5 (6 N7 8
Protokollet: MOSI Yz = a5 e 7 e e

Cycle # TS5 e X7 X8

CPHA=1 MISO D@2 @567 sz
MOSI I 1z X3 a5 e X7 8 )z

Bilder fran Wikipedia
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AVR1 AVR2

Data

VVVYVYYVYYVYY

h 4

Handskakning

A

+ Enkelt (?)

- Manga pinnar

- Eget protokoll

- Dubbelriktad (?)

- Egen handskakning

29

LINKOPINGS
II.“ UNIVERSITET



Sensorer

- A/D-omvandling
- Reglerteknik

- Telemetri

- Tidmatning

- Avbrott
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Sensor 1: IR-avstandsmdtare

Cibject

Cibject

Foint of Reflaction ﬁa
"L

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
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Sensordata

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

<.+ Agilent Technologies

Vid narmare studium av
sensordatas kvalitet pa
oscilloskop upptacks
stérningar pa matvardena!

Bast ar att bli av med
dessa, med ett
lagpassfilter, innan
signalen gar in i A/D-

AX = 40.00ms 1/AX = 25.000Hz AY(]) = 0.0V omvandlaren.
a Mode a Source ‘); N IQ_EXI 07 zxzu IOXI X2

32
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Sensor 2: Tejpsensorn

mdter tejpens ldge

+5

R1 R2
analog spanning

[0-5]V

N IR-lysdiod

N/
P

II LINKOPINGS
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Sensor 3: Linjesensor y

Vart sensorpaket,

11 sensorer (LED + fototransistor),

e Lises av med A/D

e Varje sensor kontrollerad
ljust=0V, morkt=5V

En bit tejp,
Ojamn, varierande
belysning

II LINKOPINGS
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Att mdta analog spanning:
A/D-omvandling

+5
N

analog |« ‘E \ / —

mux

A

omvandlare «——

A4
Varde 10 bitar

Kontroll/Status 8 kanaler
0->5V=>0->1023
Start .... (g6r nat annat)

Fardig
-?.
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Sensordata .

(2*3 + 2*4 + 1*5) / (2+2+1)=
19 / 5 = 3,8

[
3

Enkel tyngdpunktsberakning: kT = kak/
k

Felet: 62395_kT = 3,5 - 3,8 =-0,3
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Lite reglerteknik

Hur gor man egentligen for att
1) ga mitt i en korridor?
2) folja en linje?

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

< lagessensor

T Sstyrdon
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Lite reglerteknik

Vi maste konstruera en enkel linjar tidsdiskret regulator.
Vi bestammer oss for ett lampligt AT, dvs tiden mellan

1)
2)

3)

felsignal

tva sensoravlasningar.
For roboten i korridoren bildar vi felet e[n] = x,[n] — x,[n]
For linjefoljaren far vi felet direkt ur sensorn.
En regulator bildar en [ampligt styrsignal u[n]

mha av felet e[n].

—’

e[n]

Regulator

styrsignal

»

»

uln]

v

-

i 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 hoger om linjen

~

/

38

LINKOPINGS
UNIVERSITET



Lite reglerteknik

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

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

39
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Lite reglerteknik

Vad hander for olika storlekar pa K, ?

Borvarde
'

Fér stort Kp

A Lagom Kp
e

For litet Kp

I

Stegsvar

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
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Lite reglerteknik

Nast enklaste regulatorn: PD-reglering
uln] = Kpy*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 => odkat rattutslag
3) Mycket neg D-del =>

styr at andra hallet

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

o
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Lite reglerteknik

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

[n]—eln—1]
AT

uln|=K,-en|+K, c

Det ar ju felderivatan vi ska reagera pa!!!
Styregenskaperna ska inte andras om AT andras!

Variant: om vinkeln kan matas

uln]=K,-en]+K,-¢

/Var forsiktig

med talomradet!
Anvand C,
intlé t u,e,

\_

Styrstopp?
if u>MAX

u=—max, ..

42
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Lite reglerteknik

Hela PID-regulatorn, inklusive I-del:

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

Néar behévs I-delen?

Nar P- eller PD-regulatorn inte helt kan ta bort felet.
Typiskt nar omgivande forutsattningar forandras.

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 hdjd.

43
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Lite reglerteknik )

inflode
l' A Med bara K,

bérvirde re

— / \ inflode = utflode (dvs K, *e)
| . >

inflode =K, *e

%
utflode
A Med K,och K,
Vid t=0 ar vattentanken tom \ inflode = utflode (dvs K, * e))

och reglersystemet startar .
integrerat fel e, (summan av fel sedan t=0)

>
inflode =K,*e + K *e,

LINKOPINGS
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Telemetri

Det ar 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!

y

tx
Inbyggt Firefly USB

system —

A

II LINKOPINGS
o UNIVERSITET



Sensor 4: Ultraljud

Voltage Sv
Frequency 40KHz
Max Range 3m
Min Range 3cm

Detect a 3cm diameter stick at >

Sensitivity > m

Input Trigger 10uS Min. TTL level pulse
5 \\,450 o, . . .
Nl Echo Pulse POSIthG.: TTL level signal, width
- proportional to range.

trigger [ ]

echo
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Timer/Counter

AVR har 3 timer/counters (ATMega 16)
Detta ar timer/counterl.

Count
” ”) oun » TOVN
: Clear Control Loi (Int.Req.)
ontrol Logic
Direction . o clk,, Clock Select
- Edge =
A 4 Detector [ Tn
TOP | BOTTOM
A ‘ Y v Y L “‘ ( From Prescaler )
Iimer/Cour
| TCNTh
B - | =1 =
* A * OCnA
| (Int.Req.)
|
I Waveform o
livl ! Generation -
OCRnA 2 2
| ]
| Fixed OocnB
| TOP (Int.Req.)
0 | Values
) e | Waveform »locnB
£ Sz | "| Generation G
< |
g I
--~OCRNB ----=-=- == ! ( From Analog
- : Comparator Ouput )
| ’—DICFn (Int.Req.)
i I
I }
P ... : Edge b Noise
| i ™ | Detector | Canceler
| ICPn
\ TCCRnA ] TCCRNB

!

]
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Att mdta tidpulser

Polling

1)
2)
3)
4)
5)

Vanta pa att pinnen gar hog
Las av raknaren TCNT1
Vanta pa att pinnen gar lag
Las av raknaren TCNT1
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 stall om polariteten

pa flanken

Variabeln innehaller “avstandet”!

48
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Att generera tidpulser pulsbreddsmodulering (PWM)

”D/A-omvandling”

avbrott

period

} <> B _tﬂ i <>
komp/ 71— L . =
v »S >

raknare

R T ex motor

Duty cycle

Kontrollera om motorn/servot reagerar pa pulskvot eller
pulsbredd!

LINKOPINGS
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De flesta servon reagerar pa pulsbredd

servol
servo2 f
servo3
+—> <+—> i
1-2 ms 1-2 ms
) 20 ms g

Pulsens bredd avgor servots lage.

1.0 ms => max vridning ena hallet

1.5 ms => mittlage

2.0 ms => max vridning andra hallet

Pulsbredden behover skickas var 20:e ms for att uppratthalla laget.

AVR

PWM

51

— servol
——» servo2
——» servo3
—>
—>
—>
—>
—>
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Dynomixel—servo (géiende robot + robotarm)

*  Kommunicerar via UART, 1IMBaud!

* Kan rotera med olika hastigheter

* Vinkelomradet kan begransas

* Drivkraft kan begransas

* Belastning, spanning, temperatur,
position m m kan lasas av

DIRECTION_PORT 5V

74HC126

_96V | L VDD(PIN2)
GND_| | GND(PIN1)

74HC04

CM-5 internal circuit (HALF DUPLEX UART)
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3-4. Control

Dynamixel-servo ™

(gGende robot + robotarm)

EEPROM
Area

Styrs via manga
olika parametrar
i servots interna minne =

RAM
Area

II LINKOPINGS
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Address Item Access Initial Value
0(0X00) Model Number(L) RD 12(0x0C)
1(0X01) Model Number(H) RD 0(0x00)
2(0X02) Version of Firmware RD 2
3(0X03) ID RD.WR 1(0x01)
4(0X04) Baud Rate RD,WR 1(0x01)
5(0X05) Return Delay Time RD.WR 250(0xFA)
6(0X06) CW Angle Limit(L) RD,WR 0(0x00)
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)
11(0X0B) the Highest Limit Temperature RD,WR 85(0x55)
12(0X0C) the Lowest Limit Voltage RD.WR 60(0X3C)
13(0X0D) the Highest Limit Voltage RD.WR 190(0xBE)
14(0X0E) Max Torque(L) RD,WR 255(0XFF)
15(0X0QF) Max Torque(H) RD,WR 3(0x03)
16(0X10) Status Return Level RD.WR 2(0x02)
17(0X11) Alarm LED RD.WR 4(0x04)
18(0X12) Alarm Shutdown RD.WR 4(0x04)
19(0X13) (Reserved) RD.WR 0(0x00)
20(0X14) Down Calibration(L) RD ?
21(0X15) Down Calibration(H) RD ?
22(0X16) Up Calibration(L) RD ]
23(0X17) Up Calibration(H) RD ?
24(0X18) Torque Enable RDWR 0(0x00)
25(0X19) LED RD.WR 0(0x00)
26(0X1A) CW Compliance Margin RD,WR 0(0x00)
27(0X1B) CCW Compliance Margin RD.WR 0(0x00)
28(0X1C) CW Compliance Slope RD,WR 32(0x20)
29(0X1D) CCW Compliance Slope RD,WR 32(0x20)
30(0X1E) Goal Position(L) RDWR [Addr36]value
31(0X1F) Goal Position(H) RD,WR [Addr37]value
32(0X20) Moving Speed(L) RD.WR 0
33(0X21) Moving Speed(H) RD.WR 0
34(0X22) Torque Limit(L) RD,WR [Addr14] value
35(0X23) Torque Limit(H) RD.WR [Addr15] value
36(0X24) Present Position(L) RD 2
37(0X25) Present Position(H) RD ?
38(0X26) Present Speed(L) RD ?
39(0X27) Present Speed(H) RD ?
40(0X28) Present Load(L) RD 2
41(0X29) Present Load(H) RD ?
42(0X2A) Present Voltage RD ?
43(0X2B) Present Temperature RD ?
44(0X2C) Registered Instruction RD,WR 0(0x00)
45(0X2D) (Reserved) - 0(0x00)
46[0X2E) Moving RD 0(0x00)
47[0x2F) Lock RD,WR 0(0x00)
48[0x30) Punch(L) RD,WR 32(0x20)
49[0x31) Punch(H) RDWR 0(0x00)




Avbrottskallor i ATmegal6
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Vector No. Apclrc??ersa:?ﬂ Source Interrupt Definition Vektornamn i C- program
1 $000%" RESET External Pin, Power-on Reset, Brown-out
Reset, Watchdog Reset, and JTAG AVR
Reset
2 $002 INTO External Interrupt Request 0 INT@_Vect
3 $004 INTH External Interrupt Request 1 INTl_VECt
4 $006 TIMER2 COMP | Timer/Counter2 Compare Match TIMER2_COMP_vect
: $008 TIMER2 OVF | Timer/Counter2 Overflow TIMER2_OVF_vect
6 $00A TIMER1 CAPT | Timer/Counteri Capture Event TIMER1 CAPT vect
7 s00c TIMER1 COMPA | Timer/Counterl Compare Match A TIME R]__COMPK vect
8 $00E TIMER1 COMPB | Timer/Counter! Compare Match B TIME Rl_COMPB_Vect
9 $010 TIMER1 OVF Timer/Counter! Overflow TIME R]__OVF Vgct
10 5012 TIMERO OVF Timer/CounterD Overflow TIME R@_COME vect
11 $014 SPI, STC Serial Transfer Complete SPI_STE_vecE
12 $016 USART,RXC | USART, Rx Complete USART_RXC_vect
13 so18 USART, UDRE | USART Data Register Empty USART UDRE vect
14 $01A USART, TXC | USART, Tx Complete USART_TXC_vect
15 s01C ADC ADC Conversion Complete ADC_Vect
16 $01E EE_RDY EEPROM Ready EE_RDY_vect
17 $020 ANA_COMP Analog Comparator ANA_COMP_Vect
18 $022 TWI Two-wire Serial Interface TWI_VeCt
19 $024 INT2 External Interrupt Request 2 INT2 vect
20 5026 TIMERO COMP | Timer/CounterD) Compare Match TIME R@_COMP_Vect
II.“ blml@%glglgg 21 $028 SPM_RDY Store Program Memory Ready SPM_RDY_vect




Avbrott i AVR mega 16 (assembler]

//> .org 0x0
jmp RESET
jmp EXT INTO

.org Oxlc

4

hopptabell

yttre avbrott

~

\\» jmp ADC ; A/D omvandlaren klar//
4 )\
RESET: ; har borjar
o ; mitt huvudprogram
imp RESET
___"P Y
( EXT INTO: ; yttre avbrott h
reti
\_ J
( ADC: ; A/D-omvandlaren A
reti ; klar

1)Enhéndeheséueren.qp

2) Om avbrottet ar aktiverat
sa fas hopp till avbrottsrutin

3) Avbrottskoden maste:
Spara undan SREG
Taner'ﬂi
Betjana (kora avbottskoden)
Ta tillbaka SREG
reti

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 for konfigurering av avbrott
sei(); // aktivera avbrott globalt
while (1)
{
// huvudloop, vadnta pa avbrott
}
}

1) En handelse satter en flagga “?

2) Om avbrottet ar aktiverat
sa fas hopp till avbrottsrutin

3) Avbrottet kommer
automatiskt att:
-Spara undan SREG
-Ta ner g
-Betjana (kora avbrottskoden)
-Ta tillbaka SREG
-Aterga

57
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Sensor 5: RFID

RFID Tags

RFID Card Reader
RS232 (UART)
2400 BAUD

58
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Sensor 6: LIDAR-lite v2/v3

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

59
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Sensor 7 : VL53L0OX

Time Of Flight, distance sensor

* 50-1200 mm

* 3-5V matning

* 3-5V logik

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

e 25-35° sensor-kon

61
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Sensor 8: Angular rate sensor (“Gyro”] .

- MLX90609
M e leXI 9 Angular Rate Sensor (Standard version)

Microelectronic Integrated Systems

Standard Features and Benefits Application

U High resolution and dynamic range O Navigation (dead reckoning)
SPI och —> 0 Both digital (SPI) and analog outputs Q Vehicle stability

0 U Low acceleration and angular rate cross O Robots

analog utgang ~ sensitiity

U Low zero rate output drift Y Rate Axis, Z

1 Cost effective and compact solution N i

U High-performance MEMS sensor in mono —,

crystalline Si yielding a superior long term G X

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

O OoDoOo

||. LINKOPINGS Anvand gyro for att mata rotation! Andra metoder fungerar daligt!



Sensor 9 : Adafruit Precision NXP .,
9-DOF Breakout Board - FXOS8700 + FXAS21002

* Gyro

* Accelerometer
 Magnetometer (kompass)
* 5V-kompatibel

* |2C-interface

Il. LINKOPINGS Anvand gyro for att mata rotation! Andra metoder fungerar daligt!



Sensor 11 : Kamera
Till Raspberry Pi

8 megapixel
e 80° resp 160° synfalt
* Fixed focus

e Klarar 1080p, 720p60, VGA90
e Avsedd for Raspberry Pi

]
Q
L=
[
&
o

69
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Sensor 12 : RP-Lidar

Light Detection And Ranging

* 360° Laser Range Scanner
e 4000 samples/s

* Rotation speed: 600RPM
* Resolution: 0.9°

* Range: bm

* Price: $450!!

70
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Sensor 13 ;: Laser-IR-detektor

e SR-vippa som aktiveras nar
laserstrale traffar ”“vit yta”

* SR-vippa aterstalls med
yttre signal

e Kan bestyckas med IR-mottagare

7
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Raspberry Pi
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Raspberry Pi 3B+

* A 1.4GHz quad-core 64-bit ARMv8 CPU
e Bluetooth 4.2 BLE

e WLAN 802.11n

e 1GB RAM

* 4 USB ports

* Ethernet port

* 40 GPIO pins

e Full HDMI port

* Micro SD card slot

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

e Combined 3.5mm audio jack and composite video

73
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R(]Sp berry Pi (raspberrypi.org)

“The good ... and the bad”

PLUS MINUS

* Ett operativsystem * Ej5V-kompatibel
-Linux (Raspian, Ubuntu) e Skrymmande storlek

e Stort arbetsminne, 1GB (relativt AVR)

e Kraftfull processor * Kravande att anvanda

 Manga olika portar
-USB, HDMI, ETH
-Audio

e |/O-portar (3.3V)
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Kopplingsforslag 1

‘w8 =

I USB

USB-Serie
RS232 (UART)
syr <— AVRI1 Aviu >
mat —— . sensor

12C/SPI

75
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Kopplingsforslag 2

GPIO I GPIO
|2c/ 3.3V W

Level-shifter Level-shifter
12C 5.0V ISPI
styr <« AVR 1 AVR? F— sensor
mat —— 3 <« sensor
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Labt1
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Labl

i

|

) t-lb Introduktion till Digital Discovery

(AT Viohspace Setings Window Help
it i
!w ‘\ i) H
| il

4

i

Logikanalysatorlab
Flera tillfallen, ga pa ett av dom
Anmalan i Lisam

80

”Zu messen ist zu wissen”
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Labbar : Fragor?

Anvand kanalen LabbChat 1 Teams.

Syftet ar att stalla fragor dar flera kan se och svara och ge vagledning.

Skickar ni mail ar det bara en som svarar och bara den som fragat
som far svaret. Flera kan ha samma fundering/fraga.

85
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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.

27/9 : Designforelasning
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Anders Nilsson

www.liu.se
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