*Sérgio Cavalcante

Arquitetura de
| Sistemas Embarcados

[
Edna Barros (ensb@cin.ufpe.br)

- Centro de Informética — UFPE
df:mréﬁ(e

‘ Overview

» Processadores de proposito Unico
— Customizados
— Padronizados

» Processadores de periféricos
— Temporizadores
— Contadores
— UART
- PWM
- LCD
— Teclado
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| Introducao

» Processadores de propésito Gnico
— Realizam computagao especifica
— Processadores customizados
« Projetados para uma unica tarefa
— Processadores de propdsito Unico padronizados
« “Off-the-shelf” --

« Exemplos:
— Periféricos
— Transmiss&o serial
— Conversao analégico-digital
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Temporizadores, contadores,
| watchdog timers

» Temporizadores: mede intervalos de
tempo
— Geragao de saida para eventos temporais

« Ex: sinal verde deve permanecer por 10
seg.

— Para medigéo de eventos em entradas
» Ex: medida de velocidade de automével
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Temporizadores, contadores,
| watchdog timers

» Baseado na contagem de pulsos de
clock
+ Considere periodo do clock = 10ns
+ Se contamos 20.000 pulsos de relégio
« Entao se passaram 200 microsegundos

+ Um contador de 16-bits deveria contar até
65,535"10 ns = 655.35 microseg.,
resolugéo = 10 ns

Basic timer

Clk 16-bit up
counter %
> (L

Reset T
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>
o
2

Top

‘ Contadores
|

« Contador: semelhante a um
temporizador porém conta pulsos de
uma entrada genérica (em vez do
timer)

— Ex: contagem de carros passando por
um sensor

— Dispositivo pode ser configurado Timer/counter
como temporizador ou contador Clk

16-bit up 16 Cnt
counter

T Reset
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| Qutras estruturas temporizadoras

* Temporizadores de

Timer with a terminal

Intervalos count
- Indica quando um Clk |l6-bitup counter| ¢y

intervalo de tempo " >

ocorreu
— Setando o Intervalo Reset

desejado Top

« Numero de ciclos
de clock =

Terminal count

Intervalo desejado
/ Periodo de clock
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| Qutras estruturas temporizadoras

| 16/32-bit timer

Clk 16-bit up
counter 16 Coul
— >

» Contadores em

Topl
cascata 162
* Prescaler Rz
_ DiViSéO dO C|0Ck Time with prescaler
Clk | Prescaler 16-bit up
— Aumenta o range, N |y, counter 3
diminui a resolucao
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| Exemplo: Temporizador de Reagao
|

indicator

G Lo ) [ e T | e
#define MS_INIT 63535
LCD — void main(void){

Medindo o tempo entre acendimento da | e imer mode
lampada e o usudrio apertar o botao

wait a random amount of time

— Temporizador de 16-bits, periodo do clk ot o indicato light

tat tmer
de 83.33 ns, contador incrementa a while (user has not pushed reaction button){
cada 6 ciclos i(Top) (

stop timer

— Resolugéo = 6783.33=0.5 microseg. ot Cot 0 MS_INIT

— Range = 65535*0.5 microseg = 32.77 oo liscconds
mileseg. )

— Para contar milesegundos contador et % ", cout_iliseoonsh
deve ser inicializado com 65535 — !

1000/0.5 = 63535
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| Watchdog timer

« Deve resetar o
temporizador a
cada X unidades

to system
reset
or
interrupt

de tempo, caso

contrario o e
temporizador min0{
gera um sinal ol vahiog e ouine
‘while(transaction in progress){
+ Uso comum: ifbutton pressed(

perform corresponding action

detecgdo de g o e
falha , self-reset | irwuchiop resetsouinenotctie every

<2 minutes, intermupt_service. routine is
called *f

watchdog_reset_routine()|
/¥ checkreg is set so we can load value into
timereg. Zero is loaded into scalereg and
11070 s loaded into timereg */

checkre

calereg =0
timereg = 11070

1

void intermupt_service_routine()(

eject card
reset screen

-
AT
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| Watchdog timer

" Qutro uso:
timeouts

— Ex:, maquina
ATM

o0 system reset
or
interrupt

— 16-bit timer, 2 7% main.c "/

microsec. maing{
. ‘wait until card inserted
resolution ll watchdog_reset_toutine
— timereg value = ‘while(transaction in progress){

" iftbutton pressed){
25(218-1)-X = perform corresponding action
131070-X call watchdog_reset_routine

)
- For2min, X = i watchdog_reset_routine no called every
120,000 microsec. <]2]n:m}ncs. interrupt_service_routine is
called *

watchdog_reset_routine()|
/¥ checkreg is set so we can load value into
timereg. Zero is loaded into scalereg and
11070 s loaded into timereg */

checkreg = |

calereg =0
timereg = 11070

1

void intermupt_service_routine()(

eject card
reset screen

-
AT
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‘Transmisséo Serial Usando UARTs

« ' UART: Universal
Asynchronous Receiver
Transmitter
— Transmite dado
serialmente
— Recebe dado serialmente
e converte para paralelo

« Parity: bit extra para
deteccao de erros

« Bits de Start e de stop

embedded
device
0ot 01,
Recciving UART
end bit
data

« Baudrate }
— Mudancas de sinal por
1 0 1 1 0 1 1
segundo
— Bit rate é usada
frequentemente
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‘ Pulse width modulator - PWM

» Gera pulsos com
tempo de high/low
especificado

pwm_o

clk

* Duty cycle: % do

tempo em nivel alto  ™™°
clk
— Onda quadrada:
50% duty cycle

pwm_o

clk

_ 1 —
A I A

25% duty cycle - average pwm_o is 1.25V

. N T T o |

. T A
50% duty cycle - average pwm_o is 2.5V.

. [

S O Y O

75% duty cycle — average pwm_o is 3.75V.
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‘ Pulse width mod

ulator - PWM

« ! Uso comum: controle de
tensdo para pwm_o
equipamento elétrico ik
— Mais simples que
conversor DC-DC ou
conversor digital-
anlégico pwm_o
- Velocidade de motor,
lampadas com controle
de luminosidade

« Outro uso: codificagdo ~ pwmo
de comandos, recebe clk
temporizagdo do usuario
para decodificar

_ 1 —
A I A

25% duty cycle - average pwm_o is 1.25V

. N T T o |

. T A
50% duty cycle - average pwm_o is 2.5V.

. [

S O Y O

75% duty cycle — average pwm_o is 3.75V.

Arquitetura de Sistemas Embarcados 14

Controlando um
com um PWM

motor DC motor

controls how
fast the
counter
increments

T otge oML ot ar DG Motor
o 0 0
25 0 1840
375 7 6900
50 100 9200

Relationship between applied voltage and speed of
the or

Internal Structure of PWM

transistor.

void main(void) { ‘The PWM alone cannot drive the
DC motor, a possible way to
implement a driver is shown
below using an MIE3055T NPN

sv

processor
} A

R

From
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Controlador LCD

void WriteChar(char ¢){

[ communications
S bus RS=1
—rs DATA BUS =c;
DBT-DBO EnableLCD@s);
3 )
mictocontroller cp
controller

/¥ indicate data being sent */
7% send data to LCD */
7* toggle the LCD with appropriate delay */

CODES RS |Rw DB | DB, DB | DB, | DB,

F=05x7 dots olofalo jo o |

1] WRITEDATA
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N1
N2
N3
— N4
I T L
il ol B o B ol Mi
N T ;’*""2
‘—vwl—vwl—coll—cw :\:::
IR T L ”
i i A il B il
IR N L
i ol B ol B il

4
key_code ’,‘/_, key_code

L—» k pressed

keypad controller

N=4, M=4
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| Controlador de motor de passo

+ Controlador mais simples

» Motor de passo: rotaciona Sequence | A B | A" B’
ndmero fixo de graus dado um e
sinal de passos s (- e

. 4 + -+
— Em contraste: motor DC rotaciona 3 PR
quando poténcia é aplicada
va [ 161 vm
~ . . - w o MC3479P ;5]
» Rotagéao obtida pela aplicagao = EEE
de tensao especifica nas ==
. Bias/Set 6 N Phasen’
bobinas P A =iy
oc s 9 3 Fuimalr siep

ed A
White A’
ellow B
Black B’
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(driver)

Motor de Passo com Controlador

MC3479P
Stepper Motor
Driver 8051
cwricew [
10
0 ax o
24 B IS
3A B4

1+ main.c %/
shit clk=P171;
shit cw=P120;
void delay(void){

for (i=0; i<1000; i++)
for (j=0; j<50; j++)
i=i+0;

void main void)

*Jturn the motor forward */

1# set dires

jon */
7# pulse clock */

1# set direction */
7# pulse clock */

The output pins on the siepper motor driver do not
rovide cnough current to drive the steppe

To amplify the current, a buffer is needed. One
possible implementation of the buffers is pictured
o the left. QI is an MIE30SST NPN transistor
and Q2 is an MIE29SST PNP transistor. A is
connected to the 8051 microcontroller and B is

1K

1K

conneeted to the stepper motr.
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(driver)

Motor de Passo sem Controlador

= GND/+v

YV VYV

Pmain.ct/

203,
sbit dir=P284;

: 4<5000; 1+4)
b<10000; bi+)

17 counter clockwise movement */

isB=
notA=iookuplz
notB=lookuplz-3];
delay( )

)
)

Void main( )

Void move(int dir, int steps) | iz
A possible way to implement the bufers i located ity z int lookupl20]
below. The 8051 alone cannot drive the stepper motor, so 17 clockwise movement */ 1100,
severaltransstors were added to increase the current going 0.1 1.0,
1o the stepper motor. Q1 are MJIE30SST NPN transistors. 0.0 1.1,
and Q3 s an MIE2953T PNP transisor. A i connected 0 10,01,
the 8051 mictocontroller and B s connected o th stepper 1100
motor sB=lookuplz+1]; while()(
notA=lookuplz+2]; Pmove forward, 15 degrees (2 seps) */
notB=lookuplz+3]: move(, 2):
4 1* move backwards, 7.5 degrees (1siep)*/
) move(0, 1:
) )
} }
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Conversao AD ou DA

» AD: conversao analogico para digital

» DA: converséo digital para analogica

o
PG

Arquitetura de Sistemas Embarcados 21

*Wearable Computers




*Sérgio Cavalcante

Conversao Analégico-Digital
Vo= 7.5V — 1111 4
70v | 1110 A ‘
6.5V 1 1101 -~ 3
60V L 1100 z S L,—
S5V L o E :
5.0V —— 1010 . :
45V —+— 1001 £
40V —— 1000 g1
3V ——o11 | | |
30V ——0110 T ke W/ AT fime
2.5V —F—0101 v v
20V —F—0100 0100 1000 0110 0101 0100 1000 0110 0101
1.5V —1—o0011 Digital output Digital input
1OV —— 0010
05V —— o001
OV —— o000
proportionality analog to digital
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| Conversao Digital Analdgico
|

Simplified binary weighted resistor DAC R - 2R ladder DAC
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Converséo Digital Analégico
Four-Bit D/A Converter

One way to achieve DI is to use a summing amplifier

Inputs in Scaled resistances
volts are into a summing
weighted in junction

the summing
amplifier to
produce the
corresponding
analog
valtage

138 + 1x4 +0x2 + 1x1 =13

Ry
1K

4 12 bit DAC of this type would
require the largest scaling
resistor to be 2048 times the
smallest, so this approach
quickly becomes impractical.

"This approach is not satisfactory for a large number of bits because it recuires too
much precision in the sumrming resistors. This problem is overcome in the B-2R
network DAC.
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Converséo Digital Analégico
R-2R Ladder DAC —

The summing amplifier with the R-2F. Yref Re
ladder of resistances shown produces the Dz
output 2R
-R Dp,Di,D2,D D <
e T | 4
where the D's takce the value 0 or 1. The D, :=R
digital inputs could be TTL voltages which = SR P
close the switches on alogical 1 and leave b
it grounded for a logical 0. This 1z L
Do SR
>

illustrated for 4 bits, but can be extended = e
to any number with just the resistance [
walues R and 2R,

2

More Detail

Y
b
ol
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Converséo Digital Analégico
R-2R Ladder DAC Details

Alogic | (eq, TTL 5¥) closes
the switch, appluying Yref to the
summing junction. & logic O

Vref |1eaves that input grounded R

Dz =1

A camman
reference
woltage 1
used because
of the
variationin
what voltage
will be
prodused by
alogic 1 or Q.

_Re [nn D: . D; DS]
v, =S B S AT L T
Rout R ref16 5 2 o

Hawing just R and ZR places much Tess These weighting factors can be
stringent requirements on the required | | ghiained by a Thevenin anal sis
precigion of the resistors than the of each input point

scaled resistor approach to DAC.
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| Conversao Digital Analdgico

1c6_pAcosaz
Ts

Digital

Wref —|

T,
— —
Tin -5v
. 30K

vin vout

Rin

vout i
5

Vout = -Vin * (REb/Rin)

“Vout = -(-5V) * (15K /30K) = 2 5V

Vout = ~(Vref * (Digital Tnput) 1256 (the 10 means "base 10 number")
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| Conversdo Analdgico Digital
|

» Exemplo: valor de entrada norange de 0 a 7.5
que deve ser representada com 4 digitos. Qual
a codificacao ideal?

* Formula Geral
—elV,,, =d/(2-1)
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e

| Conversao AD
| Simple ramp and comparator ADC
DAC H
il
154
s o
Unknewn FR3) 2
analog el E N
input T
start Binary sutput
ﬁ.“:m’:ﬁ"l‘f Arquitetura de Sistemas Embarcados 30
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Conversao Analdgico Digital
| usando Aproximagdes sucessivas

(ilJen an analog input signal whose voltage should range from 0 to 15 volts, and an 8-bit digital encoding, calculate the correct encoding for
5 volts. Then trace the successive-approximation approach to find the correct encoding.

5/15 = d/(28-1) Encoding: 01010101
= 85

Successive-approximation method

R RN N N N N K K

serae=siowns [o[T]of T oo o o]
16volts

B = 4.93 vols.

w1s+0)=375vwhs [0 [T [0]0[0]0]0] V1640 =493 wns [0 T 0T [0 [T]0]0]

V= 375 o, Vi

(754375 =563vls [0 T[]0 0][0]0]0] Y16 +49%) =505 whs [0 [T 0 [T [0 [T 0]0]
Vi = 5205 vols

V= 563 volts

1(5.63+375) =469l [0 [ 1[0 [1]0]0]0]0] (05 +49%=499vwlks [0 T[0T [0 T ]0]T]
Vi = 469 volts,
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Conversao AD — Aproximacgao
| sucessivas
[

= Fast process - 1 -
100psecs

= Result always n clocks
after start

= Used extensively for
12-16bit DAQ systems
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