VUnorené systémy
Embedded systems
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The first generation (1982)

Mike Kazar
David Nichols (Documentation and User
Software)
John Zsarnay (Hardware)
Ivor Durham (Finger interface)
MTBC = 12 min

(Mean Time Between Cola)

(Server Software)

embedded system
systém spracovania informdcif, ktory je navrhnuty na $pecificky Géel
v ramdi vacieho systému, asto s posiadavkou na pracu v redinom

Case.

IEC 60 050

e |

Battary MGNT

http://www.cs.cmu.edu/~coke/

Embedded Computing / vnorené systémy

Vnorené systémy

microRusEfi = open source ECU jednotka
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Strojovy kod vs. jazyk symbolickych adries

; sucet dvoch cisel A a B
START: MVI A, O ;vloz 01 do A
;vloz 02 do B

ADD B ;A A+ B

Il

0000 3A 0D 00 47 3A OE 00 80 0008
32 OF 00 76

Mikroprocesor rozumie len strojovému kédu!

Vyvojové prostriedhy pre vnorené systémy
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Simuléator procesora

ASHED. con

Kompilator - prekladaé¢ + linker

| programQ1.asm | | kniznica01.asm | | kniznica02.asm |
AL 1L Iy
‘ Assembler x86 ‘ ‘ Assembler x86 ‘ ‘ Assembler x86 ‘

I

il

Il

objektovy,
prenositelny kéd

objektovy,

prenositelny kéd

objektovy,
prenositelny kéd

/

H
/

Linker

1N

[ strojovy, spustitelny kéd

Vyvojové prostriedhy pre vnorené systémy

Emuléator procesora




Rozhranie JTAG

0 [a—

TDO

Prenesenie programu do pamati AVR

paralelny programator

programovanie cez SPI rozhranie (MISO/MOSI)
programovanie cez JTAG alebo debugWire
programovanie bootloaderom
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Vstupy a
vystupy II.
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Jednobitovy vystup
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LA 282 DC Characteristics (Continued)

Elektricke 5, e e vig -2t av omess srwse nce

parametre 2 Conamion
Ingut low voltage. -
e Voe =27V ID S5V Ve -as v v

_ a .
rpanen O R =y (R
Cutpatiow vottage'® Vo o v
Cutpt igh veage! Ve — v
Input leakage Vi = 5.5V, pin low ; | .
Curent K0 pin (aDsoute VaLE) =
rpul eakage Voo =5 5, pin high ;
Current 10 pn (absoiute vaiue] b w
Reset pullup resistor ED & a
0 pin puilup resisior | £ E] 0
Ao comperalon R aem: 5 . =
Voo =5V

Inpul leakage curent Vo - Vo2 lacus 50 50 4
Noles: 1. “MaX means Me Nighes! vake Whese e pin s puaranieed 1 be 12ad 25 kow

2 MY RIS INE lowest VLS Where Ihe Din i QUIranleed 10 e 13 35 Nigh
3 Although each UD port can sk mere han Ihe fest ConBons (20mA 3 Vg = 5V, 10mA al Ve, = 3V) under steady
e folwing

ATr
1] T S f all ., for PN CO - C5. Shouk nat £XCeed 10DMA
2] The sum of ai I, for poris B0 - B5, DS - D7, XTAL1, XTAL2 should not exceed 100mA.
3] The sum of ai I, for ports DI - D4, should ol exceed 100

InZiniering... | _Green  LS3LGD

Vypocet

o B

Ulohou je navrhnit rezistor R, tak, aby LED diédou
tiekol dostatocn, ale nie zbytotne prilis verky prid.

Zyolime Iy =5 mA.
Z grafu (datasheet) odéitame hodnotu Uy =22 V.

Teraz vieme vypogitat’ hodnotu R: 2.
v y =5 -2 =308
R=Ug/l,= 20N/ Brf © B EKSLEGo0R

Prikon rezistora je P= Uy I;= 30V ¥ 5ua= 15 -~

‘Takiito hodnota odporu sa nevyriba. Ako postupovat”?

Rezistory sa vyrabajit v radoch  E6 E24 E48 E96 E192
zodp. presnost 20 % 5%  #£25% 1% 205%

Rady do technickej praxe zaviedol franciizsky technik C

s Renard.

Elektrické parametre
(nauéme sa citat’ datasheety)

281  Absolute Maximum Ratings

sres may the dewice. This 153 stress ratng

‘anly and functonal cperatin of the: device at these o "
mpiied Exposure 10 coruttions for refatinty

(peraing tnperatie = e o
‘Slorage temperature 55 T T +150 T ‘c
Vollagson any pi except RESET wih respact |
- o5 Ve 05 v
Vollage on RESET it respect o grured o5 +an v
s cpersing vorage 50 v
DC curent per WO pin mA
IDC CuTen Ve, and GND pins T 2w0! mA
necton cuentat Vg = 0V sov ™
b o a ]
yecaon cuent at Vg = 5V F ma
Role 1 Wasaram et e A= TR0
Elektrické 282 DC Characteristics
Ty =T 10 4126°C, Voo =2 7V 105 5 unless olhenwise noted)
parametre 3
K - m
o e S Vg =2V Ve s [ v
nput - @ v
XTAL1 ana RESET pns Vee=2TW105.5¢ ' 0BV Vee +05 v
nput ow . ;
EAeS PRp—— Var o5 o v
Ingus hugh voitage. - @ -
XTALT g Vee=2TVI0 55V Vi 0.7V N+ 0.5 I v
Notes. 1. “Max’ means the hgl P Tow
2. "M’ means e lowest vaue where ihe pin is guaranteed 1o be read as high
3. B Vi = 5V, 10mA at Ve, = 3v) uncer steady

nan
state conAtOns (nof-ransient], e folowng st be observed:
ATnegasaer:

irm:;;mmm,Jumcn—m ‘should not e

\
2] The sum of al . fo port BO . B5, 05 -7, XTAL Y, XTALZ Shou not exceecigom) -
| The sum of ol Iy, for paoris DO - D4, shoukd not exceed 100mA
Wl XSS e B EOMCTGn, V., M SXEEEC e FEGE SpecIcaan, s ar 1ot QUATANTESa o s curent
qredter than the Isted fest conabon

han the {20MA 3t Vi = 5V, 10 at Ve, = 3V) uncer stearly
st constions {norransient], e olowng must be observed:
Tmegai26P:

1] The 5um of af I, for ports CD - C5. D0- D4, showukd nof exceed 150mA.

2] The sum of i I, for ports B0 - B5, DS - D7, XTAL1, XTALZ Shota not exceed 150ma

1y e W 1551 GO, Vo, iy £XCEEE e ekl Speciicalon. P ar Dol uararieed 10 Soisce crent
Qredier han e Isted test conston
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Schéma zapojenia? Schéma zapojenia

TIP 122
B E C
3-50
3 NIE
TIP122
Schéma zapojenia Schémy zapojenia
O _[‘ SToe i

TIPI22

Obr. 1.36: VEwvo za) m, vpravo andartng schéma zapojenia.

Schémy zapojenia f-,-_; Jednobitovy vstup - tla€itko

Schematickd znacka
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Jednobitovy vstup - tlacitko Jednobitovy vstup - tlacitko

+5V v vee
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GPIO / Pull-up rezistory OsSetrenie zakmitov: debouncing

SRS —. |
Pull-Up DDRxn |
DDRx | 10 |[PORTXn| PUD | 9 [ b . SR
n (MCUCR) i : s
° n 1 ° -___5 ' PORTxn b ‘
% ._ j\ :

e | )

=== |
1 Physical Pin Ch] 1V M100us Ch1 oV

OsSetrenie zakmitov: debouncing Vstup — klavesnica
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Maticova klavesnica

Graghic Overlay =

Metal Demes s———s.

Top Circuit +——4]

Spacer =

Bomom Cireur -

Adhesive Layr w

Connector =

Programovanie 1/O bitov v assembleri ofarevarie

START: SBI 0x84,5 ; DDRB.5 = 1 (t.j. Output)
LOOP: SBI 0x05,5 ; PORTB.5 = 1 (t.j. Migh, rozsviet LED)
CBI 0x05,5 ; PORTB.5 = @ (t.j. Low, zhasni LED)

1142 PORTE - The Pom b Daes Regte
1343 DORE - Tha Fort B Dia Direcion Faglecnr

1L4E PING ~ The Pt Blnput P Address

#define BUTTON PB4
#define LED PBS

AVR

SERIES
DDRB = (1 << LED);
DDRB |= (1<<LED); // set LED pin as output
DDRB  &=~(1<<BUTTON);  // set BUTTON pin as input
PORTB |= (1<<BUTTON); // set internal pull-up ON =~
PORTB |= (1<<LED); // turn LED ON
int x = PINB; // read whole register GND
x = PINB & 0b6@@1 0000 // read BUTTON
X = PINB & (1<<BUTTON) // read and test with mask
7 &
I = Qutput
oore || | i
PORTE ‘ | | ‘ ¢ ‘ ‘ | ‘ \ |
2
PING ‘ | | G ‘ | ‘ \ |

Maticova klavesnica

row1 o111 1259 I3
vy Lo ts 1 »
Row 3 T T IB._ Tg
— - | -
Row 4 1 lo ]+
Col1 Col 2 Col 3

Programovanie 1/O bitov v jazyku C

DDRB = DDRB | 0x20;
DDRB = DDRB | (1<<5);
DDRB |= (1 << PBS5);

// PORTB.5 je vystup - tri rozlicne sposoby

PORTB |= (1<<LED1); // set PB5 na Log. 1 , t.j. rozsviet LED

PORTB &= ~(1<<LED1); // clear PB5 na lLog. @, t.j. zhasni LED

DDRB = 0x23;
DDRB = 0b00100011;

DDRB = (1 << 5)](1 << 1)](1 << 0);

Toggle bit

Toggle = zmena: ak bol bit 1 tak nech je 0 a naopak.
AVR implementuje funkciu toggle zapisom 1 do registra PIN
Napr.:
PINB = ©bo0100000;
alebo

SBI PORTB,5

zmeni stav B5 (ak je to vystup)

Datasheet:

“Writing a logic one to PINxn toggles ~ DDRB ‘
the value of PORTxn, independent
on the value of DDRxn. ‘

PORTB

microcontroler specific feature
(ATmega 16,...328)

PINB ‘

DDRB = (1 << PB5)|(1 << PB1)|(1 << PBO);

AVR

SERIES

GND



