Embedded Thursday

Inputs + Switch Bouncing + if & while
statement
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Today

> The project Goal and System
> Recap

> While loop

> Hardware Inputs

» Update Blinky




Goal Description

» Learn C as embedded language
» Use C to understand underlying processor

» Have a project so learning stays
— We are making a self balancing robot

> Todays Goal
- Learn to get an input from the board
- Learn how to set up the serial port
— Learn how to set up a timer




Recap on Outputs and registers

» Step 1: enable ports use register RCC_AHB1ENR
» Step 2: set Ports as IN or OUT writing to register GPIOx_MODER
» Step 3: set Pin HIGH or LOW writing to register GPIOx_ODR

Note: Register functionality definition is in the datasheet

Operators

> XOR A= Use: switch bit to opposite value

» OR |= Use: Impact a bit, don’t disturb others
Examples

> RCC_AHB1ENR = 0x00000008 Enable GPIO D

> RCC_AHBI1ENR |=0x00000008 Add GPIO D enable

> GPIOD_MODER = 0X55000000 Set PortD-Pin12 to 15 to OUTPUTs

> GPIOD_ODR ~=0b1010000000000000  swap value of bit at location of 1, write 1




The while loop

> A controller at power u? always
start at the same start location

> Program will enter the main(voia)
function

— It will execute each line of code
once and move on

— Once it finds the last code it will
stop for ever

> An infinite loop allows a
microcontroller to keep doing things
over and over

> While will perform statements

within bracket if condition is
TRUE

— Zero (0): Condition = FALSE
— Non-Zero (i.e.1): Condition = TRUE

SETUP

LOOP

while(condition) {
statement]:
statement?2;

}

12
13
14
1
16
17
18
14

22
27
28
29

£
35
36

e}
33

#include "stm32f4mx.h™
#include "stm32f4lle_discovery.h™

= dint main(wvoid)

1

RCC->&HE1ENR |= @xBeaaa888; // enable
GPIOD-*MODER = @XS5000860; Jfoset P

velatile int i;

while (1){

GPIOD->0DR “= 8bleleneasaese208a ;

for (i = @; 1 < Seeeee; it++);

}
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> Port-A: 0-15

> Port-B: 0-10, 12-15
> Port-C: 0-15

> Port-D: 0-15

> Port-H: 0-1
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Hardware of Inputs

» Input should always be
defined as one of two states

- Active LOW
— Active HIGH

Board has Active HIGH switch

> When the switch is pressed

voltage VDD will be
connected to PAO

» When switch is not pressed
the resistor will pull down the
voltage to ground
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« Physical reaction of RSP~ RM %
contacts inside switch SB2L 330 !
R g
230K,
« When switch is pressed —

the contacts bounce up
and down
microscopically

PAO detected
s signals = 4

Button pressed

Bounce is seen by S/
Microprocessors as
multiple button presses




L

Enable Ports to use

» Switch is physically located on PAO
» First thing to do, enable Port-A

6.2.9 RCC AHB1 peripheral clock enable register (RCC_AHB1ENR)
Address offset: k30

Reset value: Ox0000 G000
. ) Bit 0 GPIQAEM: }D poit A Clock enalie
Access: no wait state, word, half-waord and byte access. Set and cleared by soffware.
0 b0 port A clock disabled
E11 a0 ) bl ar b 25 24 ] n 4| 0 % 18 T e 110 port A clock enabled
DMAIEN |DMATEM
Rissrnd FaesEnad
w "
B 14 13 12 i i B i 7 & 5 4 3 2 3 :ﬁ/
GPIOH GRIOD | GPIOC |GPIOR| G
CRGEM . o sPioEEN | <t 1M e M
o w w L e 1L Far

« RCC_AHBIENR = 0x00000001 Enable GPIO A (...or)
« RCC_AHBI1ENR |=0x00000001 Add GPIO A enable




Define Port direction

> We need Port-A Pin0O to be an INPUT

> Register GPIOx_MODER (General Purpose Input Output
Mode Register) controls direction

8.4.1 GPIO port mode register (6PIOXx_MODER) (x = A..E and H)

Address offset: 0x00 Bits 2y:2y+1 MODERY([1:0]: Port x configuration bis (y = 0_15)
Reset values: n"EEE' bits are vm'ﬂnnh'riuh'm‘tb: m‘rﬁgl.nl‘rz WO direction mode.
M Inpail (ressa) sbate)
«  (xOCO0O0 0000 for port A B G i o Tt
«  0x0000 0280 for port B 10 ARemais lunclion moda
«  0x0000 0000 for other ports
Coo @000‘
3 a0 2 2 fz@ = 2 24 25 29 20 19 18 17 16
MODER15[1:0] | MODER14[1:0] | MODER13[1:0] | MODER12[1:0] | MODER#i[1:0] | MODERIO[H:0] | MODERS[1:0] | M T
eoee 1160 eaee eeee eoee aeee eeee eaee3
rw|n|r rwlrw rwlrw rwlrw rw|rw rwlrw rwlrw rw|rw 31 15 2
15 14 13 12 110 g B 7 5 5 4 3 2 1 D ore || |[moa|| A |[mc|[wr ][ ws ||
MODERT[1-0] | MODERE[1:0] | MODERS[1:0] | MODER4[1:0] | MODER3[L] | MODERZ[1:0] | MODERi[:0] | MODERD[:0] g‘;‘ EEE f
w [ w [ w [ ow [ [ [ ow [ [ow [ [ w [ w [ w [ w [ wQ[ D Osn |[rat|[rer][ c|[ 7 |[ 8 ][ o ][+ ][ =
Gome |l Lo+ s Lo Lo
owma [0 )[Rl e[ 2 ][2][3 ] -]
GPIOA_MODER = 0X00000000; Set all PORT-A to Inputs oo |[nee][mnal[ £ ][ 0 || -




% Read Pin Status

» The input data register (GPIOx_IDR) captures the data
present on the |/O pin at every AHB clock cycle.

— AHB clock cycle max 100Mhz

8.4.5 GPIO port input data register (GPIOx_IDR) (x = A..E and H)

Address offset: 0x10
Reset value: 0x0000 XXXX (where X means undefined)

N 30 29 28 7 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 " 10 9 & 7 6 5 4 3 2 1 0
IDR15 | IDR14 | IDR13 | IDR12 | IDR11 | IDR10 | IDR9 | IDRB | IDRY | IDRG6 IDRS | IDR4 IDR3 IDR2 IDR1 IDRO

Bits 31:16 Reserved, must be kept at reset value.

Bits 15:0 IDRy: Port input data (y = 0..15)
These bits are read-only and can be accessed in word mode only. They contain the input
value of the corresponding /O port.

> PortA_status = GPIOA_IDR




M Reading Button Pressed ~ AND Table (Symbol &

» Step 1: Start button not pressed A B A&B
- PAO= LOW 0 0 0 = FALSE
- If GPIOA_IDR=0b0000 0000 0 1 0 = FALSE

> Then GPIOA->IDR & (0x1) = TRUE 1 0 0 = FALSE

» Step 2: Button pressed 11 1 =TRUE
- PAO=HIGH 0000 0001
- If GPIOA_IDR=0b0000 0001 & 0000 0001

» Step 3: Check if pressed

SwitchStatus = (GPIOA-MIDR & 0x1) == Q); ™~ e



Blinky Update

12 #include "stm32f4mxx.h”
13 #include “stm32f4lle_discovery.h”

14

15

1= int main(wvoid)

17 {

18 // RCC-»AHBL1ENR |= RCC_AHBLENR_GPIODEN; // enable the clock to PORT-D using HALs definitions

19 RCC->AHBLENR |= @xBR888@83; // enable the PORT-D

28 RCC->AHBLENR |= @xB@ess@8l; // enable the PORT-A

21

22 GPIOD->MODER = @xs5e8eaea; /f Set Port-D pinl2 to 14 to OQUTPUTS

23 GPIOA->MODER = @xeasoanea; /f 5et Port-A as inputs

24 /* GPIOD-:>MODER |= (1 << 24); // ancther way to set pin 12 to be general purpose output[]

29

38 volatile imt 1i;

31 volatile int SwitchStatus;

32

33 GPIOD->00R = @waeas; // Set LED to OFF

34

35 while (1){

3@ /* GPIOD->0DR = (1 << 12); // another way to toggle pin 12 directly but only 12[]

41

42

43 SwitchStatus = ((GPIOA->IDR & 8x1) == @); /f Read status of Port-A_Pin@ (masking bité by AND to 1)
44

45 if (!SwitchStatus)q{

46 /f GPIOD->0DR “= 8blelessaaasnasona ; /f use of binary definition to toggle output of bitl5-pinl5 and bitl3-Pinl3 of PortD
47 GPIOD->0DR ~= BxFBee; !/ use hex definition to toggle cutput to all pinl2-15 of PortD
asg Jf GPIOD->0DR |= @xFeee;

49 for (i = 8; i < 5P800BB; i++); // Add delay by wasting time adding 1 to i from 8@ to 588K
58 3

51 }

52

53}




U% De-bounce

» Software add delay to wait for bouncing to dampen

33 while (1){

34

29 GPTON-3NNR = AxARRA; ;
48 Switch5tatus = ((GPIOA->IDR & @xl) == @); Reduce delay Valu,e until
N unexpected behavior

az if (!SwitchStatus)|

43

o GPIOD->0DR |= @xFaea;

a5 for (i = A; i « SPARRRA; T++): WOk
46 ) } R17
47 100 - "
=
36 IJ oD

. . . =
> Hardware fix is to add filter l—‘*‘T ﬁ 2
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USER & WAKE-LP Button




%2 Internal Pull Up or Pull down

> All GPIO pins have weak internal pull-up and pull-down
resistors

— GPIOx_PUPDR register can activated or not depending on its
value.




Homework?

Extra Activities

7 B



Homework

» Create block diagram of design
» Get switch to blink lights at different rates




Back Up Slides

Hardware Reference Material
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SIMPLIFIED

« |-Code Bus use to fetch Microcontroller S};‘ste‘m“bus
i i . !
instructions from Flash ROM e
« System Bus: use to work with processor L Toout —
. LA & ARD ¢ put [—
variables and IO Ports PPBI I I T * ports [*—
- D-Code Bus: debug bus In_teﬁna;l AT :
: . pEpEs High perf Output 2
« Adv Hi Bus: Connection to 10 Bus ports [+
ports and dedicated USB ! Instructions — Y vy
ports 11 Flash ROM xS Data
ICode bus DCode bus RAM
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