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I. Configuration of the 12C interface
1. Create a new project for the LPCXpresso804 board and name it eg Lab05.
Add the i2c driver:

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_LPCXpressoB04" SDK. N |

. Configure the project

Project name:  ZPSW_Lab6 © Project name suffix:
Use default location

Location:
Device Packages Board Project Type Project Options
© LPC804M101JDH24 (-] Eelalu\(bl;ozﬂ':ﬂes O C Project C++ Project (K:;;Ibsuiconsole Semihost @ UART
mpty board files ~Core
LPC804M101JDH20 4 C Static Library ' C++ Static Library Cony sounens
LPCBOAMIT1IDH24 Import other files
Components 5] Components selection summary BE
Add or remove SDK software components
Operating Systems [Drivers . CMSIS Drivers | Utilties | Board C: Abstraction Layer | Software C: ]
Name Description  Versio Info
Drivers =
> £ Drivers
> £ Operating Systems
> E Utilities
Name Description Version Info
ade ADC Driver 250
capt CAPT Driver 210
clock Clock Driver 231
g3 common COMMON Driver 231
ctimer CTimer Driver 221
dac DAC Driver 202
pio GPIO Driver 217
i2c 12C Driver 210 )
;nzp IAP Driver 206
iocon I0CON Driver 201
Ipc_acomp LPC_ACOMP Driver 210
Ipc_cre CRC Driver 211
mrt MRT Driver 204
i pint PINT Driver 219
plu PLU Driver 221
M Woswar an tin Dnwiar Miviar ann
<Back Next > Cancel

2. Go to Config Tools -> Open Pins. From the Functional Group menu select the
BOARD_InitI2CPins preset, then activate it by selecting the flag icon on the
left. The window now shows the automatically configured lines connected to
12C interface:

eoe workspace_LPC55569 - ZPSW_Lab03_1/source/ZPSW_Lab03.c - MCUXpresso IDE
F-EH@ @ zpsw.iae v @ A B Update Code + Functional Grou | [BOARD_IntizcPins [V D e e QU@ QP ey g Q B A®MtOB
5 ine 33 | Peroheral Signals =D | 05 Package 50 5 Expansion Header QQQ B = O & ovriew s [ Code review [ Registers =0
880 ww eele ¥ Q > Configuration - General Info

Pin Pinname Label denti Arduino UNO R3 Cor SPI o usaRT ~ Configuration - HW info

CNBLI/CN3IS)PIO0 cnsis) (bs) SPIOSCK..] GPIOIPIOO18 USARTC Processor:  LPC804
. 14/ACCNB[2J/CNS[2)/UA(1 oNs2] (A1) SPOSCKL, UsaRTC

Part number: | LPCB0AMI01DH24

s poow CNSISI/CNSI3yPIOC ONSISI (A2 SPIOSCKL usARTC
T4 POOISADCO SHCNSIACNGIAUDLED REDST  ONS[4] (04)  SPIOSCKL usRTC 5 4 o Core| Cortax MOP
s 12 S2ACNBISJCNG[SICLED GREEN;S2  CNB[6] (02 SPID'SCKL usaRTe g RN Board: LrCxprossas0s
{6 RESETNPIOOS  CNS(SIICNIIIO}S3 DEBUG_SWD_RESE CNA[S)(RST)  SPIOSCI usw g g 8§38 SOK Version:  ksdk2_0
7 PIOO_4/ADC11  CNG(7)/CNB[7)/CNS DEBUG_UART_TX _ CNB[7) (D1); CNSIS] SPIOISCK(. USARTC 23 5 e 3 =32 32553
U6 Swoipooa  cusIowlaluiocauo.swo,swoc P 5888858 35¢8¢3¢8;¢8 > b
&l SWDIOPIO0_2 CNB[9]/CN1[2]/U1[1 DEBUG_SWD_SWDI 'SPIO:SCKI. USARTC S F S § B & 6§ 6§ § &
n 10407 CNG{TINRIICNS(] CNS[I (A0)  SPIOISCKL jShRTC Contures o et i et sncteat
Jr2 CVP_IS  CNB[12J/CNBISIPIO CNB[S)(D3)  SPIOSCKL.] GPIOPIOD21 USARTC Bropris, vagepaverras, 3 e e i onfgraton.
[ enTl2yeNs0lP CNS[10](08)  SPIISCKL.] GPIOPIO0.20 USARTC
e CNTLIICNS(BIPIO CNS[E] (010)  SPIOISCK(.] GPIOPIOOTS USARTC
5 v onais) (o13); 1 GPoPI001 USARTC AHP | ADKD WT CTMEO DAD GO )
e wTtsyeNSIBRIS) oNBlE) (1) SPDSCKL.] GPIOPIODY USARTC B S/ S S T ®a
7 CN7(8)/CN3(7)/R20/ CN3(7] (1) ‘SPI0:SCK(...] GPIO:PIO0S  USARTC SurrLy o SYS0ON UsARTD Usarm. LU
e CeNTDTPSIRITIVOL v cenerated code
o Update codo enabied
o - soa ena(z) o1e); 1 GPIOPI007  USARTC B soo
2 VREFP CN7(4)/JP7MCU_VFR e
|22 PIOD_OACMR  CN7(3IICNBISILPZ/ DEBUG_UART_RX CNB(S] (00)  SPIDSCKL..) GRIOPI000 USARTC B boardpinmuxh
25 IO N (2)/CN[1)JPaf 12C_SCL N[ (DIS)  SPIO:SCKL..] GPIOPIOD14 USARTC R e
[Jes  Pioo.19/ACOUT - CNTL/CNBLZIPI00 CNE(Z] (06)  SPIOISCK(.] GPIOPIOD19 USARTC - Functional groups
P BOARD_Initpins.
9333628 8:¢4 E——
2R EE = § 2 M BOARD_IntDEBUG_UARTPIns
: 8 g 3
g 2 g g [P BOARD_IntSWD_DEBUGRins
g ™ soARD_init2ceins )
g
= P BOARD_INitBUTTONsPins

~ other tools

3 Routing Dotais ®=a @ m

Pins | [Signais] Q ) Problems 53 BlY=no
Rouing Detals or BOARD.n : OEER
#  periphoral  Signal Ao Routed pinsignal Label dontior  Dirction  GPIO ntal tate Mode nvert Hystoresis  Open drain  DAC Mode Level * Resource osus
25 Jco sc [23PI00.14 CN7L2I/CN3(1/JPAPIOD 14 1CSCL ot Spacifed Pullp  Disabed  Enabled  Disabled o Warming |USARTO Peripheral USARTO i not initial
20 nco oA 201 Pl CN7ISI/CN(2I1P23/CNBL4]PI0_7 12C_SOA ot Specified n/a Pullp  Dissbled  Enabled  Disabled  ma = s e e
25W_Lab6 O 1@ Lpcans” zosw Labe)

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653 Page |3



Programing of embedded systems

5. Digital thermometer 12C

3. Go to the Clocks tab and then double-click on the FRO_OSC block and

change the FRO_OSC to 30 MHz clock:

© workspace_LPC804 - Lab03/source/Lab03.c - MCUXpresso IDE

Ci-B® & waos | @ A [ Update Code v Functional Group  BOARD_BootClockFRO18M mBiv B Qi@ ©ar e o Qi A®mM¢ OB
e - @ Q & @ & SYSCoNfro_ose v = O |4 overvew [) codeprovi (I Registers | I= petais 33 | Clockcons = 1
TOaAD
Element Details: SYSCON fro_osc
. N |.c.] L. vaive
1 = FR0_0SC oMz
o dck
Lo FRO oscillator Power-up
P ——
|—|” DR oo
- avraksa
B,
\\\\\\\
medk
oo
]
\\\\\\ k
e
cuouron
bt
soccuo
=
2 probiems 52 B[Y|= o
o s
o Y|
o [ Lovel Resowce  lssue
e v x|
L oov
7 s,
g0
"
m ek )|
medt
ok
m '
e H
v, i

Lab03

O NXPLPCBOA* (Lab03)

4. Next double-click on the I2ZCOCLKSEL block and set the main_clk (15 MHz)

clock:

fro
main_clk
frg0_clk
fro_div

fro
main_clk
frg0_clk

fro_div
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12C1CLKSEL

Inactive

SPIOCLKSEL

Inactive

UARTOCLKSEL
fro
FROOCLKSEL main_clk
© 15 MHz RO Gy Inactive UARTCLKO clock
= — ] 1Mz frg0_clk Inactive
main_c! ¢
L L — fro_div
e 1256
rg0_clk
o UART1CLKSEL
main_clk
Inactive UARTCLK1 clock
frg0_clk Tnactive
fro_div
12C0CLKSEL
fro
—
main_clk
s b\ 12CCLKO clock
rg0_clk DHDYs e
fro_div J

,,,,,

SPICLKO clock
Tnactive
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5. Go to the Peripherals tab and then click on Peripheral drivers and select 1I2C
from the list:

workspace_LPC55569 - ZPSW_Lab2/source/ZPSW,_Lab02.c - MCUXpresso IDE
BOARD.Intperipherals mBi¢ kNiB e Ui® G Q i® A®wWe OB
=8
nnnnnnnnnnnnnnnnnnn
@ Problems = BV =18
Level + Resource Issue origin Target Tipe
1 Vi ARTO Peripharal initalized ~Pins:BOARD_IniDEBUG_UAR i > Intperi i
& Waming 120 Peripheral 200 s not ntialized  PinsBOARD_nti2CPins. Peripherals: BOARD. nitPeripherals  Valdation

zzzzzzzzzz

6. Selectthe I2CO0 interface and change the default baud rate to 400 000 bps:

[% 12c0 2 = 5
Inter-Integrated Circuit (12C) (peripheral drivers (Device specific)] » &
Name 2C0 Custom name
Mode Polling ¥ | Peripheral 12C0 ¥
“ 12C general configuration Preset Custom... v
12C mode Master mode %
Clock source 12C0 clock - BOARD_BootClockFRO18M: 15 MHz, BOARD_BootClockFRO24M: Inactive, BOARD_BootClockFRO30M: Inactive L
Clock source frequency 15 MHz (BOARD_BootClockFRO18M) ¥/

“ Master configuration

Enable master mode
Baud rate in bits per second 400000

Enable internal timeout function

Then click Update Code to generate the 12C configuration code.
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Il. Graphic display
1. Add the OLED display library to the project (drag files to workspace):

v E?-ZPSW_LabG <Debug>
> @ Project Settings

> ;;bBinaries

> [aIncludes

> #2cMsis

> ([ board

> (2 component

> [ device

> (Edrivers

v [ source

> |c| semihost_hardfault.c
> [£] ZPSW_Labé.c

> [ startup

> (2 utilities

> (= Debug
38 zPsw_Lab6.mex

2. Go to the main project file and modify the code as below:

#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"

/*

*x @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();

while(1) {
}

return 0 ;

3. Connect the display to the prototype board according to the diagram below:

e

Zh7ts

o
Tp
—w

=& elng

lmgs

2h 03
UCC SCL SoA

Czujnik temperatury LM75B

v
AL
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4. Build a project, program the microcontroller and check the operation.

lll. LM75B library

1. Create thermometer library files. To do this, right-click on the source folder in
workspace and then select New-> Header File and name it LM75B.h.

2. Similarly, by right-clicking on the source folder in workspace, select New->
Source File and name it LM75B.c:

v (5 ZPSW_Lab06_1 <Debug>
> @Project Settings

> ﬁ?BMmhs

> [n} Includes

> (2cMsis

> (2 board

> (3 component

> (2 device

> (Edrivers

v ([ source

> [€ oled.c
> [n] oled.h
> || semihost_hardfault.c
> [ ZPSW_Lab06.c
> (A3 startup
> (A3 utilities
> (> Debug
(38 zPsw_Lab06.mex

3. Gotothe LM75.h file and add the code:

#ifndef LM75B_H_
#define LM75B_H_

#include "fsl_i2c.h"

#define LM75_REG_TEMP (0x00) // Temperature Register
#define LM75_REG_CONF (0x01) // Configuration Register
#define LM75_ADDR (0x48) // LM75 address

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

#endif /+ LM75B_H_ */

4. Gotothe LM75.cfile and add the code:

#include "LM75B.h"
static I2C_Type *I2C_base=NULL;
void LM75B_Init(I2C_Type xbase) {
I2C_base=base;
char data_writel2];

data_write[@] = LM75_REG_CONF;
data_write[1] = 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;

int16_t v;

data_write[@] = LM75_REG_TEMP;

if (kStatus_Success == I2C_MasterStart(I2C_base, LM75_ADDR, kI2C_Write)) {

I2C_MasterWriteBlocking(I2C_base, &data_writel[@], 1, kI2C_TransferNoStopFlag);
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I2C_MasterRepeatedStart(I2C_base, LM75_ADDR, kI2C_Read);

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

I2C_MasterStop(I2C_base);
+

v= (data_read[0@] << 8) | data_read[1];

temp = v / 256.0; // temperature value in Celsius

return temp;

5. Go to project settings. Right-click on the project name, select Properties and
then Settings -> Preprocessor. Change the PRINTF_FLOAT_ENABLE flag to 1
and remove the CR_INTEGER_PRINTF flag:

eoce Properties for ZPSW_Lab06_1
| Settings g
| > Resource
Builders
| v cicer ui Configuration:  Debug [Active ] ©  Manage Configurations.

Build Variables
Environment
Logging

HoU setings Tl Sotings |t stops )l Atct 5 ory Prsrs 3 o prers
ings

15 crosamam " + % Meu C Canpler Do not search system directories (-nostdinc)
| MCUXpresso Config Tools E::'::;mm Preprocess only (-E)
gt Refrances Eincludes Defined symbols (-D) aa
Refactoring History _REDLIB_

% Debugaing CPU_LPCBOAM101JDH24
CPU_LPCBO4M101JDH24_cmOplus

SDK_OS_BAREMETAL

SDK_DEBUGCONSOLE=1

> RunjDebug Settings &
Task Tags. & Warnings
> Validation (E@Miscellaneous

B hrohitacture [PRINTE_FLOAT ENABLE=0 |
v MU Assombler
(5 eneral MCUXPRESSO
(® Architecture & Headers _USE_CMSIS
v B MCU Linker DEBUG
General
Lbraries
Shared Library Settings  Undefined symbols (-U) L3}
| (2 Architecture.
Managed Linke Script
Matticors
~ 1) MCU Debugger
(B Debug

Ewiscallaneous

Restore Defaults Aoply
®@ Cancel Apply and Close

| > Resource
Builders
 C/C++ Build
Build Variables
Environment
Logging
MCU settings
Settings.
“Tool Chain Editor
> C[C++ General
| MCUXpresso Config Tools
Project Natures
Project References
Refactoring History
> Run/Debug Settings
Task Tags
> Validation

Properties for ZPSW_Lab06_1

Settings.

Configuration:  Debug [ Active ]

8 Tool Settings | Buid steps ) Buid Artfact ) Binary Parsers

v MU C Compiler
(5 Dialect
(53 Preprocessor
Includes

(% Debugging
5 Warnings
(5 Miscellaneous
(% Architecture
~ & MCU Assembler
(8 General
(% Architecture & Headers
v 8§ Mcu Linker
General
Libraries

Shared Library Settings
(S Architecture
(5 Managed Linker Script
Malticore
) MCU Debugger

(8 Debug

(B Miscalancous

Do not search system directories.
Preprocess only (-E)

Defined symbols (-D)
__REDLIB_
CPU_LPCBOAM101DH24
CPU_LPCBO4M101JDH24_cmOplus
SDK_OS_BAREMETAL
SDK_DEBUGCONSOLE=1
[PRINTF_FLOAT_ENABLE=1 |
—MCUXPRESSO
__USE_CMsIS
DEBUG

Undefined symbols (-U)

@  Manage Configurations.

(-nostdinc)

 Error Parsers

a8 8§l 8
&
Restore Defauits Apply
Cancel ‘Apply and Close

6. Go to the main program file and modify the code:

#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);
OLED_Draw_Bitmap(LogoKI);
OLED_Refresh_Gram();

/* Initialize LM75 */
LM75B_Init(I2C0O_PERIPHERAL);

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

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

return 0 ;

7. Build the project, program the chip and check the temperature reading (you
can gently touch the LM75B chip to change the temperature).

IV. Simple GUI
1. Add a 7-segment display simulation for temperature display:

#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 x*/
OLED_Init(I2CO_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");

OLED_Refresh_Gram();
+

return 0 ;

2. Build the project, program the chip and check the temperature reading.
3. Add a bargraph:

#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(vemax) {
v=max;
+
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v = ((v-min)xw)/(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(e, 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. Build the project, program the chip and check the temperature reading.

V. Exercises

1. Check barograph indications for different ranges T_MIN and T_MAX..

2. Implement a moving average filter a certain number of measurements given

by the equation:

N-1

1
= — k) dl =0,1,23,...
y(n) NZx(n ) dlan

k=0

in FilterAVG function:

#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) {
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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)#*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. 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 */

LM75B_Init(I2C0O_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(e, 45, 128, 8, T_MIN, T_MAX, temp);
sprintf(sbuff, "%d", T_MIN);
OLED_Puts(@, 7, sbuff);
sprintf(sbuff, "%3d", T_MAX);
OLED_Puts(110, 7, sbuff);
OLED_Refresh_Gram();

+

return 0 ;

+
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