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PROGRAMOWANIE SYSTEMOW WBUDOWANYCH

Termometr cyfrowy

I. Konfiguracja interfejsu 12C
1. Stwérz nowy projekt dla ptyty LPCXpresso804:
2. Nazwij projekt np. ZPSW_Lab06 i dodaj sterownik I2C:

[ ) [ ) SDK Wizard

(i, 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.

. Configure the project

Project name:  ZPSW_Lab6 ©  Project name suffix:

Use default location

Location:

Device Packages
O LPC804M101JDH24
LPC804M101JDH20
LPC804M111JDH24

Board

O Default board
Empty board files

Project Type

O CProject
C Static Library

C#+ Project
C++ Static Library

Project Options
SDK Debug Console
CMSsis-Core
Copy sources
Import other files

Seminost © UART

Components £ Components selection summary BB
Add or remove SDK software components
Operating Systems [Drivers . CMSIS Drivers | Utilities | | Board C b ion Layer | Software Ci
— Name Description  Versio Info
privers M% BB | 5 gomwes
> £ Operating Systems
> Z Utlities
Name Description Version Info
ADC Driver 250
CAPT Driver 210
Clock Driver 231
COMMON Driver 231
CTimer Driver 221
DAC Driver 202
GPIO Driver 217
12C Driver 210 )
TAP Driver 206
IOCON Driver 201
Ipc_acomp. LPC_ACOMP Driver 210
Ipc_cre CRC Driver 211
mrt MRT Driver 204
pint PINT Driver 219
plu PLU Driver 221
M R nn i Dewsiar Piviar ann
<Back Next > Cancel

PrzejdZz do Config Tools -> Open Pins. Z menu Functional Group wybierz preset

BOARD_Initl2CPins, i aktywuj go przez zaznaczenie ikony flagi po lewej stronie:

ece workspace_LPC55569 - ZPSW_Lab03_1/source/ZPSW_Lab03.c - MCUXpresso IDE
B M| e va e |- U rererys o @ 8 X@u o)
Pins 52 | () Peripheral Signals. =8 Package 33 ¥ Expansion Header @QQQO E= 0 4 oveniew 32 [J) Code Preview [I) Registers =0
880 wmw eele ¥ 0 a > Configuration - General Info
Pinname Label dentiter Arduino UNO R3 Cor SP1 eP0 usaRT ' Configuration - HW Info
710018 CNBLTICN3(S1PI00 N3O (D9)  SPIOSCKL.] GPIOPIOO18 USARTC Processors  LPCB04
CVP_4/AC CNBLJCNS(ZIuA(1 cnstz] (w1 SPIOSCK..] GRIOIIO016 USARTC S ——
2100 17/ADC.S  CNSI3J/CNSI3PIOC CNS[3)(A2)  SPIOSCKL.) GPIOIIOO7 USARTC
PIOOIJ/ADCA0.  SICNB[4]/CNGI4JDLED REDS1  ONB] (04)  SPIO'SCKL.) GRIOII0013  USARTC 5 i w ol onation
o SHCNBIGIICNGISIITLED GREEN;S2  CNB(SI 02)  SPIO:SCK.] GPIOPIOD2  USARTC g R e T ——
RESETN/PIOO.S  CNG[S]/CNI[10]/S3/ DEBUG_SWD_RESE"CNA[3] (RST)  SPIOISCK(..] GPIOPIODS  USARTC 8 g 8 ¢ g SDK Version:  ksdk2_0
PIOO_4/ADC1  CNG(7)/CNS[7)/CNS DEBUG_UART_TX  CNB[7] (D1); CNS(5] SPIO'SCK(..] GPIOIPIO04 USARTC 25 = 5 22 32 8 8
SWCLPIOD.3  CNSISIICNI[4]UT1 DEBUG_SWD_SWDC SPIOISCK(.] GRIOPIOD3 USARTC § ¢ 888 y8¢8¢8¢8¢Es8 > project
SWDIOPPIOO_2  CNS(SJ/CNI(ZJ/U1[1 DEBUG_SWD_SWDI SPIO'SCKL..] GPIOPIOO2 USARTC -1 - E iR i
PIO_11/ADC_6WKT CNS{10]/CNBI3)ID4] LED_BLUE CNBIZI (5]  SPIOISCK(.) GPIOIOOT  USARTC I I v pins
PI00_I0/ADC. 7 CNGIMINRICNS] (1) (20) SPIO'SCKL..] GPIOPIO0,10 USARTC Contaes i fouton, nccing unctont sectical o
PI00_21ACMP_I5  CNB[1ZJICNBISIPIO CNB[SI (D3)  SPIDSCKL.] GPIOIPIOOZ1 USARTC Bropeie, vanagelpawer fal, and e oinConigurston.
2 enzlraljeNtio)PI CN3MOJ(D8)  SPIOISCK(..) GPIO:PIOO,20 USARTC
onTmleNsIsIPo CN3[B] (D10)  SPIOSSCK..] GPIO®PIO0,15 USARTC
# CNT[1O}ICNaISI/CN: CN3[5] (D13); CNSI{ SPIOSSCK(..] GPIOIPIOO  USARTC AGHP | ADCO AT CTMERD w0 .
CNls)ONaIBIRI3] CN3IB] (D12)  SPIOISCK[..) GPIOPIO0S USARTC “izco izcL LVLSHT PINT P 70 @ a
CN7[B)/CN3[7)/R20] eNa(7] (o11) SPIO:SCKL..) GPIOPIO0,8 USARTC SN R B E—
ONT[7IPSIRTIVOE v Generated code
anp Updsta cods anabled
CN3I2] (D14); CNS{4SPIOISCKL..] GPIOPIO07 USARTC

IO o7 51/CN(211P2< 2C_SDA
ReFP

CN7(4}/JPTMCU_VF

B bowcpinmure

PIOO_O/ACMP_I1  CN7[3]/CNB[8]/JP2] DEBUG_UART_RX  CNBI8] (D0) SPI:SCKL..] GPIOIPIO0,0 USARTC B boardjpin_muxh
CNTI2l/CNa[uPaI2C_SCL CNI[1)(D15)  SPIO'SCKL.] GPIOPIO014 USARTC ° LPC804M101JDH24 - TSSOPA 24 package
100, 19/0ACOUT  CNTLTICNSI2IPI00 CNBLZI (06)  SPIDISCKI.] GPIOIIO019 USARTC © e
M BOARD_Initpins
284933 3 383 ¢g¢ [ BoARD_initLEDspins
g 888848858 88§83
ST = 5 2 [ BOARD_INIDEBUG_UARTPins
< 2 )
g 2 8 8 P BOARD_InitsWD_DEBUGPins
=) M BOARD_Initi2CPins
g
g @ BOARD_INitBUTTONSPins
© Othertosls
Pins| [Signals| Q & Problems 3 BY=08
Routing Detls or BOARD_In... . PEEM
5 Peiphesl  Snal  Arrow Routed pijsignal Label denifer  Dictin  GPIOnalstate Mode  Ivert  Hysteresis  Opendrain DA Mode Lo I oo
2o seu IR0 QUICNAPOOI RC.SCL  Notpecied o Pulp  Disabled  Enabled  Disabled s WU peipheral USARTO i nt il
20 o soh (201PI007  CN7ISI/CNBI2IUPZ/CNBIAIPI00.7 2C.SDA ot Specifed /a Pulp  Disabled  Enabled  Disbed e e T
255w Labs O 1120806 Z8SW Labe)
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4. Przejdz do zaktadki Clocks a nastepnie kliknij dwukrotnie bloczek FRO_OSC i zmien
czestotliwos¢ generatora FRO_OSC na 30 MHz:

E Clocks Table | e Clocks Diagram 31 - @ Q@ @E svsconfoose ¥[= 11| 4 overview [ Code previ [ Regsters = Dotais 32 () ClockCons = 1

Pp—— ) T@®aAD
; | s —
E s drplia =

5. Nastepnie kliknij dwukrotnie bloczek I2ZCOCLKSEL i wybierz main_clk (15 MHz):

i - 12C0CLKSEL i

E main_clk ] :

H fig0ck_| L #_stcwzo clock

1 fro_div !

i i

| [

6. Przejdz do zaktadki Peripherals, wybierz Peripheral drivers i zaznacz 12C z listy

sterownikdw:

o+ Functional Group  BOARD_ itPerpherals mEi kN e Qg G e Q im K&t OB
52 [ Code preview =8

@ @ zswiao

& Components 52 | Paripheras

ion - HW Info
Lpcaoa

Part number: - LPCB04M101/DH24
Board: LPCXpresso804
SDK Varsion:  ksdk2_0

> Project

v Peripherals.

Configures the ltalz @ ) @ Select configuration component
Select which components should be offered  Present in the tool-chain project |¥

Configuration component Component description
/0 (GPIO)

v Generated code

¥ Update code enabled =
USART Universal (USART) (Device <

er tools
.m @ Open SDK components manager Cancel [ o

& problems 53 BlY =0
Level + Resource ssue origin Target Type
G Warning  USARTO Peripheral USARTO is not intilized  Pins:BOARD_InitDEBUG_UARTPins  Peripherals: BOARD. InitPeripherals  Validation
" Warning  12C0 Pariphoral 12C0 s not iniialized  Pins:BOARD. Iiti2CPins Pariphorals: BOARD_nitPeripherals  Validation
2pSW_Lab02 ) NXPLPCBO4* (ZPSW.Lab02)

7. Wybierz interfejs I2C0 i zmien domyslag predkos¢ transmisji na 400 000 bps:

[@12c0 % =g
Inter-Integrated Circuit (12C) [peripheral drivers (Device specific)] ‘s @
Name |2C Custom name
Mode Polling ¥ Peripheral 12C0 v
v 12C general configuration Preset Custom... o
12C mode Master mode Y
Clock source 12C0 clock - BOARD_BootClockFRO18M: 15 MHz, BOARD_BootClockFRO24M: Inactive, BOARD_BootClockFRO30M: Inactive i
Clock source frequency 15 MHz (BOARD_BootClockFRO18M) i

v Master configuration

Enable master mode
Baud rate in bits per second 400000

Enable internal timeout function

8. Kliknij Update Code w celu wygenerowania konfiguracji interfejsu 12CO.
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Il. Wyswietlacz graficzny

1. Dodaj do projektu (przeciggnij pliki do workspace) biblioteke wyswietlacza OLED:

v 25 ZPSW_Lab6 <Debug>
> @ Project Settings
> g?Bhaﬁes
> [n) Includes
> (2cMmsis
> (2 board
> (%2 component
> (2 device
> ([ drivers
v (2 source
> || semihost_hardfault.c
> [ ZPSW_Lab6.c
> [ startup
> (2 utilities
> (= Debug
38 zPsw_Lab6.mex

2. 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 "oled.h"
/*
* @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 */
OLED_Init(I2CO_PERIPHERAL);
OLED_Draw_Bitmap(LogoKI);
OLED_Refresh_Gram();
while(1) {
}
return 0 ;

}

3. Podfacz wyswietlacz do ptytki prototypowej wedtug ponizszego schematu:

Czujnik temperatury LM75B

-----
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4. Zbuduj projekt, zaprogramuj uktad i sprawdz dziatanie sterownika wyswietlacza.

lll. Biblioteka termometru LM75B

1. Utworz pliki biblioteki termometru. W tym celu kliknij prawym klawiszem myszy na
folderze source w workspace a nastepnie wybierz New->Header File i nazwij go
LM75B.h .

2. Analogicznie, klikajac prawym klawiszem myszy na folderze source w workspace,
wybierz New->Source File i nazwij go LM75B.c :

v (£5ZPSW_Lab06_1 <Debug>
> QProject Settings
> ﬁ?Bmmms
> [mIncludes
> (2cMsis
> (2 board
> (2 component
> (device
> (drivers
v (% source

> [g] oled.c
> [n] oled.h
> |c) semihost_hardfault.c
> || ZPSW_Lab06.c
> (& startup
> (B utilities
> (= Debug
38 zPsw_Lab06.mex

3. Przejdz do pliku LM75.h i dopisz kod:

#ifndef LM75B_H_
#define LM75B_H_

#include "fsl_i2c.h"

#define LM75_REG_TEMP (0x00) // Temperature Register
#define LM75_REG_CONF (0x@01) // Configuration Register
#define LM75_ADDR (0x48) // LM75 address

void LM75B_Init(I2C_Type *base);
float LM75B_Read();

#endif /x LM75B_H_ %/

4. Przejdz do pliku LM75B.c i dopisz kod:

#include "LM75B.h"

static I2C_Type *I2C_base=NULL;
void LM75B_Init(I2C_Type *base) {
I2C_base=base;
char data_writel[2];

data_write[0]
data_write[1]

= LM75_REG_CONF;
= 0x02;

if (kStatus_Success == I2C_MasterStart(I2C_base, LM75_ADDR, kI2C Write)) {

I2C_MasterWriteBlocking(I2C_base, &data_writel[@], 2, kI2C_TransferDefaultFlag);
I2C_MasterStop(I2C_base);

}
float LM75B_Read() {
char data_read[2];
char data_write[1];
float temp;
intl6_t v;

data_write[@] = LM75_REG_TEMP;
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if (kStatus_Success == I2C_MasterStart(I2C_base, LM75_ADDR, kI2C_Write)) {
I2C_MasterWriteBlocking(I2C_base, &data_write[@], 1, kI2C_TransferNoStopFlag);

I2C_MasterRepeatedStart(I2C_base, LM75_ADDR, kI2C_Read);
I2C_MasterReadBlocking(I2C_base, &data_read[@], 2, kI2C_TransferDefaultFlag);

I2C_MasterStop(I2C_base);
}

v= (data_read[@] << 8) | data_read[1];
temp = v / 256.0; // temperature value in Celsius

return temp;

5. Przejdz do ustawien projektu. Klikajac prawym klawiszem myszy na nazwie projektu
wybierz Properties a nastepnie Settings -> Preprocessor. Zmien flage
PRINTF_FLOAT_ENABLE na 1 oraz usun flage CR_INTEGER_PRINTF:

o0 e Properties for ZPSW_Lab06_1 o0 e Properties for ZPSW_Lab06_1
| Settings 8 Settings
| > Resource | > Resource
Builders Builders
| v CjC++Build Configuration:  Debug [ Active ] B  Manage Configurations... v C/C++ Build Configuration:  Debug [ Active ] e Manage Configurations.
Build Variables Build Variables
Environment Environment
Logging Logging
gﬁ“{ settings i) Tool Settings & Build steps Build Artifact Binary Parsers (@ Error Parsers. “s":it’ settings 1) Tool Settings 4 Build steps Build Artifact Binary Parsers 3 Error Parsers.
ings ings
| Tool Chain Editor v ) MCU C Compiler Do not search system directories (-nostdinc) | Tool Chialn Editor ~ ) MCU C Compiler Do not search system directories (-nostdinc)
> ClC++ General S Diatect > Clc++ General 3 Diatect
| MCUXpresso Config Tools {P‘“ e Preprocess only (-E) | MCUXpresso Config Tools & alec Preprocess only (-E)
Project Natures I REEy Project Natures (BPreprocessor o =
Defined symbols (-D) £ Defined symbols (-D) IS
Project References Etincludes SR ) 84 Project References B includes Sz emEh() €8 8 5l &
Refactoring History (= Optimization __REDLIB__ Refactoring History (2 Optimization __REDLIB__
> Run/Debug Settings (2 Debugging CPU_LPCB0AM101JDH24 > Run/Debug Settings (2 Debugging CPU_LPCB04M101JDH24
Task Tags (Ewarnings CPU_LPC804M101JDH24_cmOplus Task Tags & Warnings CPU_LPCB04M101JDH24_cmOplus
> Validation SDK_OS_BAREMETAL > Validation ¥ Miscellancous SDK_OS_BAREMETAL
B Arenitectore SDK_L E=1 S Architecture SDK_DEBUGCONSOLE=1
oA [PRINTF_FLOAT ENABLE=0 | e PRINTF_FLOAT_ENABLE=1
v B MCU Assembler CR_INTEGER_PRINTF. ¥ B MU Assombler __MCUXPRESSO
(2 General __MCUXPRESSO (B General __USE_CMsIS
(B Architecture & Headers  __USE_CMSIS (3 Architecture & Headers  DEBUG
v ¥ MCU Linker DEBUG 8 MCU Linker
2 General 2 General
3 Libraries (B Libraries
B wiscellaneous 5 Miscellaneous
53 Shared Library Settings  Undefined symbols (-U) & | (53 Shared Library Settings  Undefined symbols (-U) 3]
(5 Architecture | 2 Architecture
(53 Managed Linker Script (E2Managed Linker Script
(2 Multicore (2 Multicore
1 MCU Debugger 8 MCU Debugger
(2 Debug (EDebug
(B Miscellaneous (EMiscellaneous
Restore Defaults Apply Restore Defaults Apply
@ Cancel Apply and Close @ Cancel Apply and Close

6. Przejdz do gtéwnego pliku programu i zmodyfikuj kod:
#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"

#include "LM75B.h"

char sbuff[32];
float temp;

/%

* @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 */
OLED_Init(I2C@_PERIPHERAL);
OLED_Draw_Bitmap(LogoKI);
OLED_Refresh_Gram();

/% Initialize LM75 x/
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LM75B_Init(I2CO_PERIPHERAL);

while(1) {
OLED_Clear_Screen(0);
temp = LM75B_Read();

sprintf(sbuff, "t: %.3f C", temp);
OLED_Puts (0,0, sbuff);

OLED_Refresh_Gram();
}

return 0 ;

7. Zbuduj projekt, zaprogramuj uktad i sprawdz odczyt temperatury (w celu zmiany
temperatury mozna delikatnie dotkna¢ uktadu LM75B).

IV. Proste GUI
1. Dodaj sytuacje wyswietlacza 7-segmentowego dla wyswietlania temperatury:

#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"

#include "LM75B.h"

char sbuff[32];
float temp;

/*

* @brief Application entry point.
*/

int main(void) {

/* Init board hardware. *x/
BOARD_InitBootPins();
BOARD_InitBootClocks();
BOARD_InitBootPeripherals();

#ifndef BOARD_INIT_DEBUG_CONSOLE_PERIPHERAL
/* Init FSL debug console. x/
BOARD_InitDebugConsole();

#endif

/* Initialize OLED */
OLED_Init(I2C@_PERIPHERAL);

/* Initialize LM75 x/
LM75B_Init(I2C0_PERIPHERAL);

while(1) {
temp = LM75B_Read();
OLED_Clear_Screen(0);

OLED_7segf(@, 4, temp, 4, 1, 1);
OLED_Puts(105, 1, "C");

OLED_Refresh_Gram();

return 0 ;

2. Zbuduj projekt, zaprogramuj uktad i sprawdz odczyt temperatury.
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3. Dodaj bargraf:

#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"

#include "LM75B.h"

char sbuff[32];
float temp;

#define T_MIN 0
#define T_MAX 40

void Bargraph(uint8_t x, uint8_t y, uint8_t w, uint8_t h, float min, float max, float v) {

if(v<min) {
v=min;

¥

if(vsmax) {
v=max;

}

v

= ((v-min)*w)/(max-min);

OLED_Draw_Rect(x , y, x+w-1, y+h-1, 1);
OLED_Draw_Fill_Rect(x+2, y+2, x+v-3 , y+h-3, 1);
}

/*

* @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(I2C@_PERIPHERAL);

/* Initialize LM75 */
LM75B_Init(I2CO_PERIPHERAL);

while(1) {
temp = LM75B_Read();
OLED_Clear_Screen(0);

OLED_7segf(@, 4, temp, 4, 1, 1);
OLED_Puts(105, 1, "C");

Bargraph(@, 45, 128, 8, T_MIN, T_MAX, temp);
sprintf(sbuff, "sd", T_MIN);

OLED_Puts(@, 7, sbuff);

sprintf(sbuff, "%3d", T_MAX);

OLED_Puts(110, 7, sbuff);
OLED_Refresh_Gram();

return 0 ;

4. Zbuduj projekt, zaprogramuj uktad i sprawdz odczyt temperatury.

ENGINE ERASMUS+ 2020-1-PLO1-KA226-HE-095653

Page | 9




PROGRAMOWANIE SYSTEMOW WBUDOWANYCH

Termometr cyfrowy

V. Zadania

1. Sprawdz wskazania barografu dla réznych zakreséw T_MIN i T_MAX.

2. Zaimplementu; filtr (moving average filter), usredniajacy okreslong liczbe pomiardw,
dany réwnaniem:

1 V=l
(n)=— x(n—k)dlan=0,1,2,3, ...
y NZ')

w funkgji FilterAVG:

#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"

#include "LM75B.h"

char sbuff[32];
float temp;

#define T_MIN 0
#define T_MAX 40
#define N 16

float FilterAVG(float x) {

}
void Bargraph(uint8_t x, uint8_t y, uint8_t w, uint8_t h, float min, float max, float v) {

if(v<min) {
v=min;

}

if(v>max) {
v=max;

¥

v

= ((v-min)x*w)/(max-min);

OLED_Draw_Rect(x , y, x+w-1, y+h-1, 1);
OLED_Draw_Fill_Rect(x+2, y+2, x+v-3 , y+h-3, 1);
}

/*

* @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 */

OLED_Init(I2C@_PERIPHERAL);

/* Initialize LM75 x/

LM75B_Init(I2C@_PERIPHERAL);

while(1) {
temp = LM75B_Read();
temp = FilterAVG(temp);
OLED_Clear_Screen(0);
OLED_7segf(@, 4, temp, 4, 1, 1);
OLED_Puts(105, 1, "C");
Bargraph(@, 45, 128, 8, T_MIN, T_MAX, temp);
sprintf(sbuff, "%d", T_MIN);
OLED_Puts(@, 7, sbuff);
sprintf(sbuff, "%3d", T_MAX);
OLED_Puts(11@, 7, sbuff);
OLED_Refresh_Gram();

}

return 0 ;

}
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