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f ’ CHALMERS Maskinorienterad programmering

Omvandling av digital representation till elektrisk strom

Exempel: DA-omvandling med R-2R resistansstege.
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! CHALMERS Maskinorienterad programmering

PWM - pulsbreddsmodulering N

Karaktariseras av periodtid och duty VDD - - | ey fo— - — o oy
cycle, dvs. den del av periodtiden som
pulsen ar hog.
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Periodtid 1 sekund, Dutycycle 1 ms
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: CHALMERS Maskinorienterad programmering

PWWM Vid hégre frekvenser far man en medelvardesbildning av effekten
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CHALMERS

PWM | praktiken

Exempel, PWM med MD407

Maskinorienterad programmering

void init _app( void )

1
RCC->apblenr |= (1<<2); /#* Aktivera klocka for TIM4 */
RCC->apblrstr |= (1<<2); /* Aterstill TIMA */
RCC->apblrstr &= ~(1<<2);

i

wolatile ulintlé t erl;
uintl6_t resd;
wolatile ulintlé T cr2;
ulntlé_t resl;
wolatile ulntlé L smor;
ulntlé_t resl;
wolatile ulntlé_t dier;
uintlé_t resd;

wolatile uintlé t =r;
uintlé_t resd;

wolatile uintlé_t egr;
uintlé_t ress;

wolatile ulintlé_t cemrl;
uintlé_t ress;
wolatile ulintlé t cemr2;
uintl6_t res?;
wolatile ulintlé L ccer;
uintl6_t resd;
wolatile ulnt32 t cnt;
wolatile ulntlé t psc;
ulntlé_t resd;
wolatile uinti2_t arr;
wolatile uintlé_t rer;
uintlé_t resld;
wolatile uint32_t corl;
wolatile uint32_t corl;
wolatile ulinti2_t cerld;
wolatile uintid2_t cord;
wolatile ulintlé T bdtre;
uintlé_t resll;
wolatile ulintlé t dor;
uintl6_t resll;
wolatile ulntlé L dmar;
ulntlé_t resld;
wolatile ulntlé t or;
ulntlé_t resld;

==

typeded struct tagTinmDevice

Hdefine TIM4_BASE @xi@a0aio@
Hdefine TIM& ((PTIM_ARM_DEVICE)} TIM4_BASE)

TIM_ARM_DEVICE, *PTIM_ARM_DEVICE;

* TIM capture/compare register
* TIM capture/compare register
* TIM capture/compare register

* TIM control register 1,

* TIM control register 2,

* TIM slave mode control reglster,

* TIM DHA/interrupt enable register,
* TIM status register,

* TIM ewent generationm register,

* TIM capture/compare mode register 1,
* TIM capture/compare mode register 2,
* TIM capture/conpare enable register,

* TIM counter register,
* TIM prescaler,

* TIM auto-reload register,
# TIM repetition counter register,

W R

* TIM capture/compare register 4,
* TIM break and dead-time register,

* TIM DMA control register,
* TIM DMA address for full transfer,

* TIM option register,

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address
Address

Address
Address

Address
Address
Address
Address
Address
Address

Address

Address

ssel  f* Anyvand AF och koppla utgéng fran TIM4 till PD12 */

weel  GPIOD->moder |= ©x56550000; /* Pin 12 ar AF, ovriga PD8-15 digital ut */
" GPIOD->ospeedr |= 0x02000000; /* 50 MHz */

| GPIOD->afrh |= ©x20000; /* Anslut TIMA till AF */

atsser| |

offset: @xlE */

offLet: Axic *f

) void setPWM( int period, int duty )
offset: 8x24 */ -{

offset: @Bx28 *f

TIMA->crl
TIMA->arr
TIMA->psc A2000; [#
TIMA->crl Ox81; /#* Aktivera TIM4 #*/f
TIMA->ccer &= ~1; /* Avaktivera kanal
TIM4A->ccrl = (unsigned short) duty®2;
TIMA->ccmrl = @x6@; /* PWM1 mod */ |
TIMA->ccer = 1; /¥ Aktivera kanalen #*/

*/
short) period*2;
Prescaler 6,5 ms

©; /* Raknare, mod etc.

(unsigned

ax2C *f
offoet: 8x3a */

offoet:

/#* Periodtid */
periodtid */

offset: Bx34 %/
offset: Bx38 %
= @x3AC ¥f
i
i

2 oAxaa *,
= Axaa F,

: @x4B *f 1 *:.Iflr

offeet: axdl */

offset: 8x58 */
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Maskinorienterad programmering

int main() g o SR S — (2 0
{

[\wJpth

OC

B Limit

OFF|

B0MHz

int main()

init_app();
setPWM( period, duty );

init app();
setPWM( 1000, 1 );

}

void init_app( void )
{

Volts/Diy

F‘[l_ltn-

RCC-»apblenr |= (1<<2); /* Aktivera klocka fér TIMA */
RCC-rapblrstr |= (1<<2); /* Aterst3ll TIMA */
RCC-»apblrstr & ~(1<<2);

/* Anvand AF och koppla utgédng fran TIM4 till PD12 */

GPTIOD->moder |= @x%56558008; /* Pin 12 Zr AF, &vriga PD8-15 digital ut */
GPIOD-rospeedr |= @xP2000080; /* 58 MHz */

GPIOD->afrh |= ©x20000; /* Anslut TIM4 till AF */

CH1 1.00V CH2 200mY M 250ms
efA 1.00Y S00us

}

void setPWM( int period, int duty )

{
TIMA->crl = B; /* R8knare, mod etc. */
TIMA->arr = (unsigned short) period*2; /* Periodtid */
TIMA->psc = 4280808; /* Prescaler 8,5 ms periodtid */
TIMA->crl = BxB81l; /* Aktivera TIM4 */
TIMA->ccer &= ~1; /* Avaktivera kanal 1 #*/
TIM4->ccrl = (unsigned short) duty*®2;
TIMA->ccmrl = @x60; /* PWM1 mod */ |
TIMA->ccer = 1; /* Aktivera kanalen */ :ih.‘(ih“
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Maskinorienterad programmering

. pulserande diod

init_app();
while (1)
{
for( = 0; <= 10; i++){
setPWM( 10, );
delay ms( 200 );
by
for( = 9; >= 0;
setPWM( 10, );
delay ms( 200 );

}
delay ms( 5600 );

}
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Maskinorienterad programmering

Omvandling av fysikalisk storhet till digital representation

N
- —» signal- W > konver- EE
glvare i avlasnin i -
anpassning g tering |
—
1110019100
1000100001

010011}001
0101001001
0100010001

0111
signalerna ar tidsvarianta men det kravs
signalen transformeras for att anpassas for den att nivan ar konstant under den tid | detta steg omvandlas de
anvanda omvandlarkretsen. avlasningen sker. Speciella kretsar analoga signalvardena till ett
avlaser signalvardet under ett kort digitalt varde
tidsintervall
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\,’ CHALMERS Maskinorienterad programmering

Givare (sensor) = e
levererar en elektrisk strom (spanning) som ger en korrekt ‘ =

uppfattning av den uppmatta storheten. A~~~ ) NN
Vi sager da att givarens levererade strom (spanning) ar
analog med den uppmatta storheten.

101001001

Givare finns for olika fysikaliska storheter, exempel:
e Temperatur

« Tojning

 (as- och vatsketryck

* Ljus (frekvens) och ljusstyrka

* Ljud (frekvens) och ljudstyrka
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) CHALMERS

Exempel: Temperaturgivare

Vout (Volts)
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Maskinorienterad programmering

Slgnal konver- 3
anpassning avlasning tering

/ >
RAVAS

Ett exempel pa en krets for temperaturmatning ar
Microchips TC 1047. Kretsen levererar en spanning
som ar linjar i intervallet -40 — 125 C. Upplosningen ar
10mV/C.
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Maskinorienterad programmering

Exempel: TOjningsgivare o m

11091910
1000101001

Nar ledaren, i form av en trad, utsatts for en forlangning eller férkortning andras
resistansen i den. Genom att applicera en spanning 6ver resistansen kan vi da
mata en strom som ar analog med tojningen.

BACKING
/ . ENCAPSULATION

Tojningsgivaren kan anpassas for olika geometrier.
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) CHALMERS

Signalanpassning

Vanligtvis skiljer sig en givares utsignalomrade fran AD-omvandlarens
insignalomrade och man maste darfor gora nagon form av signalanpassning.

givare Vin signal- Vut konver-
L » ; > :
anpassning tering
Ro
AN R
v+ AW
Ro V+
Vin 0AM— - R,
AN -
+ —0 Vut
R
+
\/-
r— V_
Vref —

Granssnitt mellan analoga och digitala komponenter, klipp 4, 2022:1

Maskinorienterad programmering

T

givare >

-
-\—pt konver- 3

tering
— >

signal-
anpassning

L.

[ avlasning

i

Genom val av komponentvarden kan kopplingen skifta och
skala en spanning i intervallet: V-..V+ Volt till en spanning
som ar [amplig fr AD-omvandlarens ingang 0..Vp.

Vo= ty, Ry,
ut R1 in R2 REF
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} CHALMERS

Sam ple and Hold  vinar exempelis en sinusformad insignal

" konverteringstid

Avlasningspunkter "Sample” T -

1
i
1
1
'
1
) /\

"Hold”.

Hold”, |

»

— signal-
anpassning
‘/\/\ _,r/ r\/\\

samplingsintervall
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Maskinorienterad programmering

avlasning

konver- 3
tering
—

Principen for sample and hold - krets

= shold
o——osample
input

— output
+
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Maskinorienterad programmering

givare

Konverteringstid (o [z

anpassning
e M -

Insignalens frekvensomfang (bandbredd) betecknas f,.
Den maximala samplingsfrekvensen f, bestams av omvandlarens snabbhet i VA2 NV

konverteringen. Antivikningsfilter VEHMVQ/VTCVN
— (lagpassfilter) o

slapper igenom signaler med frekvens som
ligger under gransfrekvens f, och dampar
ovriga signaler.

Vin A
| A
" v
Signaler med hogre frekvens kan tolkas felaktigt, fenomet kallas vikning (aliasing).
For att undvika detta maste det galla (Nyqvist.Shannons teorem) att: f, = 2f,
Dvs. samplingsfrekvensen maste vara minst dubbelt sa stor som den hdgsta frekvens :‘.’.
som ska matas. f,
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‘_’ CHALMERS Maskinorienterad programmering

Overforingsfunktion O B3 =)
Vid omvandlingen fran kontinuerlig spanning till binart L~ AVANEREa -
kodord sker en diskretisering. J

Det maximala fel som kan
uppsta i dverforingsfunktionen
beror pa antalet bitar i det binara
kodordet och kallas
kvantiseringsfel.

Binart kodord

| | » Spanning

| &
Von/2 Voo
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_‘J_T CHALMERS Maskinorienterad programmering

SUCCGSiV apprOXimation Exempel: Princip for omvandling, Vin=2,2 Volt.

{5 = 5 o

/
DAC [

Succesivt

) Approximation _> X(n)
Vin T Register

Granssnitt mellan analoga och digitala komponenter, klipp 5, 2022:1 16



- ’ CHALMERS Maskinorienterad programmering

0 I ! [ome | [z, o]
Succesliv approximation = =
Da samtliga bitar prévats har Vi De mojliga vardena ges av tabellen:
alltsa resultatet: -
bitmonster Vpa(Volt)
A 0000 0
e 0001 0,3125
! 0011 0.9375 C e .
. 0100 125 blir da basta approximationen
T 2,2 Volt 0101 15625 Vpa=2,1875 Volt
1,251 0110 1,875 med kvantiseringsfelet
0111 2,1875
> )

0 f 1001 2,8125

1010 3,125
omvgé':lare 7 (;),1;-75:&/0::;) 1 0 1 1 3 4375

1100 3,75
1101 4,0625

1110 4,375
1111 4,6875

Granssnitt mellan analoga och digitala komponenter, klipp 5, 2022:1 17



Maskinorienterad programmering

Rampomvandlare

X V., 2N
Vints = Vreftz Vin = Vrefz_N X = V—
ref Y
A
-V, — -V, —
Noll- Noll-
Vref TN \Volts- Vref_. | | Volts-
av- av-
T kénnare T kannare {
Raknare (2V) IJ Raknare (2N) }J >
Raknare (X) Réknare (X)
A
2N elecesccsccsscsssessscssnnnnnnn -
Réknaren raknar upp till 2V. Réknaren startas pa nytt, under D e
Under detta tidsintervall £, tidsintervall t, laddas kondensatorn
laddas kondensatorn av ur och en speciell krets kanner av da
spanningen som ska matas spanningen 6ver kondensatorn natt
ursprungsnivan, da stoppas f
raknaren vid X raknade pulser — >
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CHALMERS Maskinorienterad programmering

"Flash converter”

Princip for omvandling. Exempel: 3-bitars omvandling
Vier Vin Vier Vin
1
R/2 h
Rr2 VI >*
A . R > A
R Vsl —+—1& 101 o=
I . R } b 100 §:|§ i
) bit N-2 Vil ; Omkodare [ bj 011 =
! R + b 010 ‘::‘i i i i E
. Vol } ' 001 — i i Vin
- R ; 000 ———F——F+—— >
. Vo] } Vi V, V, V, V. VW VY
R \
bit 0 Vil—>~
R/2
R/2 l
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CHALMERS

AD | praktiken Exempel. ADC med MD407

Maskinorienterad programmering

typedef unsigned int uwint32 t;

typedef unsigned sheort uintle_t;

typedef struct

d
volatile uint32_t =r; /* status register axea
volatile uwint32_t crl; /* ontrol register 1 Bxe4
voelatile uwint32_t cr2; /* control register 2 2x08
voelatile wint32 t smprl; /* sample time register 1 BxBC
volatile wint32 t smpr2; /* sample time register 2 axla
volatile wint32_t jofrl; /* injected channel data offset register 1 8x14
velatile uint32_t jofr2; /¥ injected channel data offset register 2 @x18
volatile uint32_t jofr3; /¥ injected channel data offset register 3 @x1C
volatile uint32_t jofra; /¥ injected channel data offset register 4 @x2e
volatile uint32_t htr; /* watchdog higher threshold register ex24
voelatile uwint32_t ltr; /* watchdog lower threshold register Bw28
volatile wint32_t sgril; /* regular sequence register 1 Bw2C
volatile wint32 t sqr2; /* regular sequence register 2 ax3a
volatile wint32_t sqr3; /* regular sequence register 3 ax34
volatile uint32_t jsgr; /* injected sequence register Bx38
volatile uwint32_t jdrl; /* injected data register 1 @x3C
volatile uint32_t jdr2; /* injected data register 2 ax4a
volatile uint32_t jdr3; /* injected data register 3 Bx44
volatile wint32_t jdrd; /* injected data register 4 2w4B8
voelatile uint32 t dr; /* regular data register BwaC

1 ADC_ARM DEVICE, *PADC_ARM DEVICE;

#define ADC1 ((PADC_ARM DEVICE) 0x40812@00)

=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/
=/

vold init adc{ woid )

1
/* Bestdm GPIO port och pinne, initiera som AMALOG ingang */
/¥ ADC kanal @, Rank 1, Konverteringstid 56 cykler */
ADC1->=mpr2 = 3;
ADC1->=qr3 = @ ;
h
unsigned short read adc{ wvoid )
1
ADC1->cr2 |= (uint32 t) (l<<38) ; /* Starta konvertering */
while{ (ADC1-»sr & (1<<1) ) ==0 }; /* Wanta tills AD omvandling klar =/
return (unsigned short) ADCl-:dr; /¥ Returnera resultatet */
h
vold main(void)
1
uintle t samples[1lE24];
init _ade();
for{ int 1 = @; 1 ¢ sizeof(samples); i++ )
{ /* Samplingsfrekvens, 18 Hz */
samples[i] = read adc();
delay ms( 128 );
¥
b
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| CHALMERS Maskinorienterad programmering

Periferikretsar | enchio_sdatorn ST32F407

A dta FLEM £4 BEL Py R =r. A Y [P——
*,]ﬁ}_ —— ) o - Ere General Purpose 10 (GPIO)

room—, g ETM | wWC PO Card (ATR) MEMD Flash

e T Advanced control timers (TIM1-TIM8)
S —E - General Purpose timers (TIM2-TIM5, TIM9-TIM14)
"33 e e I R Analog-to-digital converter (ADC)
P L _%’ Bl.=, Eklzﬁ;m Universal synchronous asynchronous receiver transmitter (USART)
- E 3 J e g CRC calculation unit (CRC)
N [“::. Digital-to-analog converter (DAC)
- Digital Camera interface (DCMI)
[ LCD-TFT Controller (LTDC)
== Independent watchdog (IWDG)
— Window watchdog (WWDG)
,,,,,, [E=2. Crypthographic processor (CRYP)
i Random number generator (RNG)
e e Hash processor (HASH)
—— Real time clock (RTC)
o Inter integrated circuit (12C) interface
e Serial peripheral interface (SPI)
) S Serial Audio interface (SAI)
§¢ e - oo Secure digital input/output interface (SDIO)
e Controller area network (CAN)
e Ethernet nedia access control (MAC)
- Universal serial bus (USB)

M2 13
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