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Programing of embedded systems
7. Przetwornik A/C

I. Wyswietlacz OLED

1. Stwérz nowy projekt dla ptyty LPCXpresso804. Nazwij projekt np.
ZPSW_Lab07 i dodaj sterowniki ADC, CTIMER oraz I2C:

e0e® SDK Wizard
¥V o
(1, The source from the SDK will be copied into the workspace. If you want to use linked files, please unzip the 'SDK_2.x_LPCXpresso804' SDK. "y’ |

. Configure the project

Project name: | ZPSW_Lab07 © | Project name suffix:
Use default location

Location
Device Packages Board Project Type Project Options
© LPCB0AMI01JDH24 -] Eefatl;ll bzoa;df:nes O C Project ot Project K Debug Console  Seminost © UART
mpty board files CMSIS-C
LPC804M101JDH20 P C Static Library  C++ Static Library Copy ,oucr':';
LPCB04M111JDH24 \mport other files
Components [=] Components selection summary # =
Add or remove SDK software components
Operating Systems (Drivers " CMSIS Drivers | Utilties | Board C: Layer | Software C:
Name Description  Versio Info
orivers D% BE | ;5 omes
> £ Operating Systems
> £ Utilities
Name Description Version Info
adc ADC Driver 250 )
capt CAPT Driver 210
g clock Clock Driver 231
§ _ ig:common COMMON Driver 231
ctimer CTimer Driver 221 )
ik dac DAC Driver 202
@ gpio GPIO Driver 217
i2c 12C Driver 210 )
lotiap 1AP Driver 206
Ikiocon I0CON Driver 201
i Ipc_acomp LPC_ACOMP Driver 210
I lpe_cre CRC Driver 211
mrt MRT Driver 20.4
@ < Back Next > Cancel

2. Dodaj biblioteke OLED i skonfiguruj obstuge wyswietlacza jak w poprzedniej
instrukgji.

3. W Config Tools -> Clocks zmien czestotliwosé generatora FRO_OSC na 30
MHz.

4. Przejdz do gtéwnego pliku projektu i zmodyfikuj kod jak ponize;:
#include <stdio.h>

#include "board.h"

#include "peripherals.h"

#include "pin_mux.h"

#include "clock_config.h"

#include "LPC804.h"

#include "fsl_debug_console.h"

#include "oled.h"

char sbuff[32];
volatile uint16_t adcValue = 0;

/*

* @brief  Application entry point.
*/

int main(void) {

/* Init board hardware. */
BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitBootPeripherals();
#ifndef BOARD_INIT_DEBUG_CONSOLE_PERIPHERAL
/* Init FSL debug console. x/
BOARD_InitDebugConsole();

#endif

/* Initialize OLED x/
OLED_Init(I2CO_PERIPHERAL);

while(1) {

OLED_Clear_Screen(0);
sprintf(sbuff, "ADC: %5d", adcValue);
OLED_Puts(@, 1, sbuff);
OLED_Refresh_Gram();

}

return 0 ;
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5. Podtacz wyswietlacz i sprawdz jego dziatanie.

Il. Przetwornik A/C
1. Przejdz do Config Tool -> Pins i utwdrz nowy preset o nazwie
BOARD_InitADCPins:

[ J o Functional group properties

i Name: i
Functional groups | @) QA BOARD_InitADCPins|
Called by default initialization function

[® BOARD_InitPins
[~ BOARD_InitLEDsPins Set custom #define prefix
[™ BOARD_InitDEBUG_UARTPins Prefix:
! [ BOARD_InitSWD_DEBUGPins
[™ BOARD_Initi2CPins

|
Clock gate enable

|

| PBOARD_Ini(BUTTONsPins

|

|

Full pins initialization
[™ BOARD_InitADCPins De-initialization function
Description:  Configures pin routing and optionally pin electrical features.

; I o<
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2. Kliknij w blok ADC i podtgcz sygnat ADCO (wyprowadzenie PIO0_1). Wytacz
domysiny Pull-Up ustawiajgc w polu Mode wartos¢ Inactive:

v @ @ zpsw.labor v @ A B update Code + Functional Group  BOARD_INADCPins ‘mBi¢ 8 Q@ ©a oy o Q i® X#@wmy O
2 Pins 52 () Peripheral Signals. = O |4 Package 52 | £ Expansion Header RAQCG E =0 #oveniew R [J) CodePreview [I1) Registers =0
880 ww eele ¥ n > Configuration - General Info
Pin Pinname Label dentir Aruino UNO R3 Con SPI Pio usarr ' Configuration - HW Info
i o CNBlI/CN3(9IPI0D ONI[SI (0] SPIDSCK(.] GPIOIO0T8 USARTC Processor; LPC804
m] G/ACMP_14/AC CNGLZJICNS(2IUA[1 NS[2) (A SPIDSCKLL) GPIOIOT6 USARTC JR
s Poowrocs  cusiaycnsiaiioc ONS[3)(A2)  SPIDSCKLL) GPIOPIOOT7 USARTC
V4 PIOOIYADCIOISUCNB4CNGIAIOLED RED;ST  CNS[4] (04)  SPIOSCKL.) GPIOPIOOT3  USARTC s . Core: Cortox-MoP
5 PI00_12 S2(CNB[B]/CNB[S)/C LED_GREEN;S2  CNB[6] (D2) SPIOISCKL...] GPIO:PIO012 USARTC g =9 | Board: LPCXpresso804
Me RESETNPIOOS  CNG(6J/CN1[10]/S3/ DEBUG_SWD_RESE'CNA(3] (RST)  SPIOISCKL..] GPIO:PIOOS  USARTC s g g 2 DK Version:  ksak2_0
7 PIOO_4/ADC11 | CN6{7]/CNB(7]/CN5 DEBUG_UART_TX  CNB[7] (D1); CN5(5) SPIOSCKL...] GPIO:PIOO 33 2 8 58 g & &
Vls  SWCLKPIOO3  CNe(SJICNTI4JUI[1 DEBUG_SWD_SWDC SPIO'SCKL..] GPIOI03  USARTC € 88 £ 8 g8 ¢ 8 g g > Project
o SWDIOPIOO2  CNGISJICNIZIV DEBUG_SWD_SWDI SPIDSCK(.] GPIOPIONZ USARTC
110 PIOO_1V/ADC_6/WKT CNGI10/CNBI3)/D4) LED_BLUE ONB[3) (0] SPIDSCK(.) GPIOPIOOTH | USARTC v pins
[m PootoA0c 7 CNsNRYONSL CNS[I(AD)  SPIDSCKL.) GPIO:PIOGT0 USARTC Cetres o o, i ot s o
[ CNB(121/CNBSIPIO CNB[S) (03] SPIOSCKL.] GPIOPIO021 USARTC roperts vokags/pone a, and e e i conturston
e ewtziienanoppe CNS[10] (08)  SPIDSCKL.] GPIOPIO020 USARTC
[ oo cnTiiCNEIPD NS} (D10)  SPIOSCKLL] GPIOPIOOTS USARTC
s OGN cviojo3isyoN: CNalS) (013); CNSISPIOISCKL.) GPIOPIOD1 USARTC aqw  [RDCT] ovT | CIMEO DO GRIO .
e CN7IB)/CN3[IR13] cnafe) (012) SPIO:SCK..] GPIO:PIO0 USARTC 12c0 =y LVISHFT PINT P S0 @ a
O CeNTIsIeNITIR20/ NIl o @ Peripheral ADCO SRS CRFENN. (RS REEUES LSRN
Ve CNTIZIRSRATIVOL v Generated code
e oo AILADCO signais orrouting @ Upcate code rabled
V120 PIOD_7/ADC_1ACMF CN7[SI/CNS[2]P2S 126_SOA CNSI2) (01 |/ |VREFP - [21] PP, ddicated; routed by defautt -
2 Ve CNTLAPTMCU. G0 JADC. O/ACMPZICLN oardin.mux
[/22  PIOOOACMAN  CN7(3JICNB[S]UP2) DESU_UART_RX  CNBIS] (B{ |_|CH, - 20] PIO0_7ADC. B boarthinmoch
s PioUSAMCNBIIAL cxriaoNsItL AN 26 SCL oAt (]| Ilow, .- (13 MO0 IACHP Mo 2 o LPCBOAMIONIDH24 - TSSOPA 24 package
[El24 T {POCIBDACOUT. |CRTICHaIZU0 onetz) (0 []cH 3 (21 POO.ISACHP_4/ADC. 3 e
CH, 4 - (161 PI00_9/ADC. 4
[l - 71 ioo_s/AC frinn | 18l P sosRD_ntpins
[]cH, 6 - [10) PIOO_1/ADC_BIWKTCLKIN 29 23 26gd8 3 g e [ cermee
| |ew,7- (m pioo_tojanc_7 s £ 2 8 ¢ 8 28 27 3 g8 2 3
s, 8- () P100_15740C 8 25 s 2 P9 BOARD_IntDEBUG_UARTPInS
[“lcH,s - (31 Pi00_17ADC.0 e s 8
o 10- 41 OB 130610 gt g ¢ [ 50ARD_itswo_ DEBUGRins
[lew - 7 Pioo_aiape 11 E P B0ARD_Inizcpins
£ P 80ARD_nteUTTONsPins
Route Al Unroute Al
P B0ARD_nthoCPins
| 3 v othertools
5 oone
Routing Dtais
” 7\
Pin | [Signais] Q BY/= o
oo et for BOARD . T OEERE
. Poipharal  Signol  Arrow Routed pinsig Label Direcion GPIO il st Mode et Wyteresis  Opon drain DAC Mode Lavel « [Rosource ssue
1 acoeno (51ADC.0  CNZIIOICNSISICNSISIUAISIPI00T /o nput " Iactive  Disabled Enabled  Disabled N . perphersl USARTO i ot il
2su_Lab07 O wee Lecaos esw Labor)

3. Przejdz do Clocks i witacz sygnat zegarowy ADC clock 5 MHz dla
przetwornika A/C:

SYSCON
FROHF._clock
30 MHz
fro_osc fro_div
15 MHz
fro
e P MAINCLKSEL
o
P clin = main_clk
CLKIN clicin . k) I SYSAHBCLKON System clock
Iposc_clk L -bt‘:g‘l'ld AHB bus, Sync AP
— z
b Iposc_clk fro_div. n
fro_div_div
fro_div
)
PLUCLKIN plu_clkin |nactive PLUCLKIN clock
Inactive
CAPTCLKSEL
fro
main_clk
— CAPT clock
fro.div Inactive
Iposc_ck
4 CLKOUTSEL
o
e —
main_clk CLKOUTDIV
g | M CLKOUT clock
S Inactive
Iposc_ckk Disabled
lposack |
ADCCLKSEL
fio 15 MHz ADCCLKDIV.
o | | L A0C dlock
£ LT 7P s MHz
a3 |
]
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4.

PrzejdZ do ustawien przetwornika ADC i wprowadz ponizszg konfiguracje:

eoe workspace_LPC56569 - ZPSW_LabO7/source/ZPSW_Lab07.c - MCUXpresso IDE
M-EH@ & zeswrabor v A date Code +! Functional Group B¢ EN® Qi@ sy rt Qi A®mMi OB
e Components 5+ Poriphorals = 0 (3 e (3 aoc 12 | crvero = 0| 44 Overviow 52 [3) Code Preview =0
(ADC) T @ > Configuration-Generalinto
Costomname ' Configuration - HW info
Processor:  LPCB0A
Peripheral ADC o Part number:  LPCB0AMIONDH24
v General configuration Core: Cortex-MOP
+ Basic ADC configurati Board: LPCXpresso804
SO Versionsksdk2_0
Clock mads. Systom clock - BOARD. 15 Mz, BOARD. 12 Mz, BOARD. 5 Mz v
Clock source frequency 15 Mz (BOARD_BoofClockFROTEM) 8 o i
Clock diidar rumber o v Peripherals
L BRI Conigurs the Intatzaton f the SOK perpheral e,
 Configur threshold sattings
Threshold values pair 0
Lowvae 0 @ a
Hghvalie o e ———
Theeshold values pair 1 € Update code enabled
Lowvabe 0 board/paripharals.c
Hghwlie 0 board/peripherals h
ADC conversion sequence A v Functionl groups
Set high priority for conversion sequence P BOARD_interipherais
Hardware tigger CTIMERO_MATS i
- Other too
Trgger palarity Apositve odga v
Synchonizaton bypassing
Singlastep moda
Iterrupt source Entire sequence u
ADC conversion sequence B @ a ©
Set high pririty for conversion sequence
Hardware triggor Disabi
Trgger palarity Anegative
Synchiorization bypassing Rt 8IY= o
Singl step mode
Interrupt source 2 i
Lovel ~ Resaurce Issuo
S Warning  CTIMERO.ctimer_match.3 Match autout of the match 3 char
v Sampled channels + X Co Warning  USARTO Peripheral USARTO is not niialize
#  Customname
o CH,0» [15] CNi Thvoshold pair 0 Interrupt disabled  Sequenca A

Sequence A interrupt
Overrun interrupt

Interrupt sources

WARNINGS: ZPSW_LabO7: Match output of the match 3 channel of perip

Interrupt ADC_SEQA_IRGN
Interrupt request Enabled in initialization
Enable priorty nitalization

Priorty ]

Enable custom handier name.
Interrupt handler name ADC_ADC_SEQ_A_IRQHANDLER

Handier template ‘Copy to clipboard
Enable Sequence B interrupt

Interrupt

Interrupt request

Enable priorty nialization
pririty )
Enable custom handler name
Interrupt handler name

Handlor template
Enablo Threshold compare interrupt

Interrupt

THOW.

Interrupt request Enabled in ntialization

Enable priorty nfialization

Enable custom handler name.
Interrupt handler name

Handler template
Enable Overrun error interrupt

Interrupt

ADC_OVR RGN
Interrupt request Enabledin ntaizato
Enable prority intiaization

pririty 0

Enable custom handler name

Iterrupt handier name

Handler template
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5. Przejdz do Peripherals, wybierz CTIMER i skonfiguruj go dla zmiany stanu
wyjscia z czestotliwoscig 20 Hz:

eoce ¢ workspace_LPC55569 - ZPSW_L (_Lab07.c -
=g i ZPSW_Lab07 v A& [9) Update Code +* Functional Group. mEI¢ kNS QUi Bt G o Q i L@ OB
e Components 33§ Peripherals = 0 (3 rco§ crmvero 52 = O 4 Overview 53 [3) Code Proview =0

[+] % Standard

W @ > Configuration - Generalinfo

_ (o] ' o conne " s s

Processor: LPCB04
Mode  Input CaptureMatch v/ Peripheral CTIMERD v
Part number:
s P [ LPCBOAMI01UDH24
* Timerjcounter general configuration Preset Custom...[¥ Core:  Cortex-MoP.

Board: LPCXpress0804
AT ceu e conTionsyoy e

SDK Version:  ksdk2_0

Timer mode Timer (bus clock source) u

> Project
Bus clock source Systom clock - BOARD. 16 MHz, BOARD_ 12 Mz, BOARD_ 18 MHz v
Clock source frequency 16 MHz (BOARD_BootClockFRO1M) '

v peripherals
Timer input frequencyfprescaler 1

‘Configures the Intiaization of the SOK peripheral oivers.
Calculated prescaler 1
Calculated timer input frequency 15 MHz; 66.667 ns
Timer counter period 50 ms @ a

‘Start timer in initialization code.

v Generated code

ST + 8 x Update code enabled
] board/peripherals.c
Channel D Makh s board/peripherals.h
“ Match channel Q¢ Mateh channel 3 Y v Functional groups.
Channel frequencyperiodoset 750000 M BoARD_Initeripherais )
Channel period [ticks] 750000
Calculated match frequencyjperiodjffset 20 Hz; 50 ms
Enable counter reset on match Y othertocls
Enable counter stop on match
Output control Toggle bitjoutput o
Intal output vaue Low "
Enable match interrupt request
@ a (o)
v Capture channels + X

Add itom by clicking on plus button

~ Interrupt and callback settings.

A provlems 52 BV =5

v interrupt

Interrupt wERe Lovel + Resource Issue

Enable prorty iniialzation % Warning  CTIMERO ctimer_match.3 Vatch output of the match 3 char
G Warning  USARTO Peripheral USARTO is ot ntialize

prorty

Callback mode Callback d

WARNINGS: ZPSW_Lab07: the match 3 channel of is t routed the match 3 channel

is not routed.  Writable Smart Insert 81:32: 2855 ) NXPLPCBOZ" (ZPSW._Lab07)

Przetwornik ADC bedzie wyzwalany tylko jednym zboczem, dlatego jego
czestotliwosc probkowania bedzie dwukrotnie nizsza - czyli 10 Hz.

6. Przejdz do gtéwnego pliku projektu i zmodyfikuj kod jak ponizej:
#include <stdio.h>

#include "board.h"

#include "peripherals.h"

#include "pin_mux.h"

#include "clock_config.h"

#include "LPC804.h"

#include "fsl_debug_console.h"

#include "fs1_power.h"

#include "oled.h"

static adc_result_info_t gAdcResultInfoStruct;

adc_result_info_t xvolatile gAdcResultInfoPtr = &gAdcResultInfoStruct;
char sbuff[32];

volatile uint16_t adcValue = 0;

/* ADC_SEQA_IRQn interrupt handler *x/

void ADC_ADC_SEQ_A_IRQHANDLER(void) {

/* Get status flags */

if (kADC_ConvSeqAInterruptFlag == (kADC_ConvSeqAInterruptFlag & ADC_GetStatusFlags(ADC_PERIPHERAL))) {
/* Place your interrupt code here *x/

ADC_GetChannelConversionResult (ADC_PERIPHERAL, @, gAdcResultInfoPtr);

adcValue = gAdcResultInfoStruct.result;

/* Clear status flags */

ADC_ClearStatusFlags (ADC_PERIPHERAL, kADC_ConvSeqAInterruptFlag);

}

/*

* @brief Application entry point.
*/

int main(void) {

/* Power on ADC. */
POWER_DisablePD(kPDRUNCFG_PD_ADCO) ;
/* Init board hardware. */
BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitBootPeripherals();
#ifndef BOARD_INIT_DEBUG_CONSOLE_PERIPHERAL
/* Init FSL debug console. *x/
BOARD_InitDebugConsole();
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#endif
/* Initialize OLED x/
OLED_Init(I2CO_PERIPHERAL);

while(1) {

OLED_Clear_Screen(0);
sprintf(sbuff, "ADC: %5d", adcValue);
OLED_Puts(@, 1, sbuff);
OLED_Refresh_Gram();

+

return 0 ;

7. Podtacz potencjometr do ptytki, zaprogramuj uktad i sprawdz dziatanie
przyktadu. Poruszajgc osig potencjometru, wyswietlana wartos¢ powinna sie
zmienia¢ w zakresie 0-4095 (12-bitowa rozdzielczo$é¢) co odpowiada
napieciu wejsciowemu 0-3.3 V.

3

; POIaE

HHE

S2
g

X
g
[
Ge

2
]

B

lll. GUI - prosty wskaznik analogowy
1. Zmodyfikuj kod projektu:

#include <stdio.h>

#include "board.h"

#include "peripherals.h"
#include "pin_mux.h"

#include "clock_config.h"
#include "LPC804.h"

#include "fsl_debug_console.h"
#include "fsl_power.h"
#include "oled.h"

static adc_result_info_t gAdcResultInfoStruct;

adc_result_info_t xvolatile gAdcResultInfoPtr = &gAdcResultInfoStruct;
char sbuff[32];

volatile uint16_t adcValue = 0;

float data=0;

void Gauge(uint8_t x@, uint8_t y@, uint8_t radius, float v) {

float k= (vx270) - 135; // degrees
float p, g=(2%PIxk)/360.0;
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uint8_t radius@ = radius * 0.9;
for(int i=-135; i<=135;i+=15) {

p=(2%PIxi)/360.0;
OLED_Draw_Line(x@ + radius@xsinf(p), y@ — radius@xcosf(p), x@ + radiusxsinf(p), y@ - radiuskxcosf(p));

+
OLED_Draw_Line(x@, y® , x0 + radiusxsinf(q), y@ - radiusxcosf(q));
+

/* ADC_SEQA_IRQn interrupt handler x/
void ADC_ADC_SEQ_A_IRQHANDLER(void) {
/* Get status flags */
if (kADC_ConvSeqAInterruptFlag == (kADC_ConvSeqAInterruptFlag & ADC_GetStatusFlags(ADC_PERIPHERAL))) {
/* Place your interrupt code here */
ADC_GetChannelConversionResult (ADC_PERIPHERAL, @, gAdcResultInfoPtr);
adcValue = gAdcResultInfoStruct.result;
/* Clear status flags *x/
ADC_ClearStatusFlags (ADC_PERIPHERAL, kADC_ConvSeqAInterruptFlag);

}

/*

* @brief Application entry point.
*/

int main(void) {

/* Power on ADC. */
POWER_DisablePD(kPDRUNCFG_PD_ADCO) ;
/* Init board hardware. */
BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitBootPeripherals();
#ifndef BOARD_INIT_DEBUG_CONSOLE_PERIPHERAL
/* Init FSL debug console. *x/
BOARD_InitDebugConsole();
#endif
/* Initialize OLED */
OLED_Init(I2CO_PERIPHERAL);

while(1) {
OLED_Clear_Screen(0);
data=adcValue/4095.0;
Gauge(64, 32, 32, data);
sprintf(sbuff, "%3d%%", (uint8_t)(datax100));
OLED_Puts(50, 7, sbuff);
OLED_Refresh_Gram();
+

return 0 ;

2. Zbuduj projekt w trybie Release, zaprogramuj uktad i sprawdz dziatanie
przyktadu.

IV. Zadania

1. Zmodyfikuj wyglad wskaznika analogowego wedtug wtasnego uznania.

2. Napisz funkcje rysujacg n-ostatnich prébek w postaci wykresu stupkowego.
Wykres ma przesuwac sie po ekranie wyswietlacza (poziomu lub pionowo).

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653 Page | 9




