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Programing of embedded systems
6. Neopixels driver

l. Using the SPI interface
1. Create a new project for the LPCXpresso804 board and name it eg Lab0é.
2. Add SPI driver:

[ ) [ J SDK Wizard

e
(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. x @ {

. Configure the project

Project name:  ZPSW_Lab05 @ Project name suffix:
Use default location

Location:
Device Packages Board Project Type Project Options
© LPC804M101JDH24 o Eela:;'k bbaoa;d'fliles O CProject o+ Project K Debug Console  Semihost @ UART
mpty board files CcMsis-Core
LPC804M101JDH20 C Static Library ) C++ Static Library Copy sources
LPC804M111JDH24 import other fles
Components [E]  Components selection summary =
Add or remove SDK software components
Operating Systems (Drivers . CMSIS Drivers | Utilities | Mi Board C Layer | Software C
Name Description  Versio Info
Dri B = o
rivers % BB > £ Drivers
> £ Operating Systems
> £ Utilities
Name Description Version Info
ighiap IAP Driver 206
dpriocon I0CON Driver 204
g Ipc_acomp LPC_ACOMP Driver 210
¥ lpc_cre CRC Driver 214
A mrt MRT Driver 204
Ik pint PINT Driver 219
Ik plu PLU Driver 221
g} power_no_lib Power Driver 200
I reset Reset Driver 212
gk rom_api Rom_api Driver 2,01
v SPI Driver
i swm SWM Driver 202
Ik swm_connections Swm_connections Driver 204
g syscon SYSCON Driver 2041
A syscon_connections Syscon_connections Driver 204
M Wsart USART Driver 240
@ < Back Next > Cancel

3. Go to Config Tool -> Pins and then in the Functional group create a new
preset BOARD_InitNeopixelsPin:

[ J [ ] Functional group properties

Ty p - -
Functional groups | @ Q| ~ lame: | BOARD_InitNeopixelsPin| | ‘
e Called by default initialization function |

™ BOARD_InitPins

P BOARD_InitLEDsPins Set custom #define prefix
™ BOARD_InitDEBUG_UARTPins Prefix:
| [ BOARD_InitSWD_DEBUGPins
i P BoARD_Initi2cPins
| P BOARD_InitBUTTONSPins
1 [™ BOARD_InitNeopixelsPin De-ini
Description:  Configures pin routing and optionally pin electrical features.

Clock gate enable

Full pins initialization

ization function

carcel | D
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4. Connect the MOSI line of the SPIO interface to the PIO_010 pin of the

microcontroller:

orkspace_LPCE5569 - ZPSW_LabOs, h05. Xpresso IDE
(=] @ @i zpsw_tabos v A e Code + Functional Group  BOARD_InitNeopixelsPin "mBi¢ =] Qe ™5 G o Q i® X#me OB
Pins 52 () Perpharal Signals = 0 [ Packase 53 |5 Expansion Hoader QQG  E= 0 4 oveniew 52 [3) Code preview [ Rogisters =0
880 ww eele ¥ u Q > Configuration - General Info
Pin Pinname Laber dontitir Aruino UNO R3 Cor SP1 w0 usarT v on - HW Info
[h rooss CNB(TICN(S]PI00 NG(S](D8)  SPIOISCKL.] GPIOI0018 USARTC e I
2 PIOO, 1? /ACMP_I4/AT CNB[2)/CNS[2)/U4[1 CN5[2] (A1) SPIO:SCK[...] GPIO:PIO0,16 USARTC Part numbar:| LPCEOAMIONIONZA
3 PIO0_17/ADC_9 CCNB[3]/CNS(3)/PIOC CN5(3] (A2) SPIO:SCK[...] GPIO:PIO0,17 USARTC
PIOO_13/ADC_10 | SICNBI4]/CNG[4)/D LED_RED;S1 cNBla] (04) SPIOISCKL..] GPIO:PIO0,T3 | USARTC 5 s Core:Cortex-MOP
10012 S2/CN8(6)/CN6(5]/C LED_GREEN;S2 CNB8[6] (D2) SPIO:SCK[...] GPIO:PIO0,12 USARTC g Q M) ; Board: LPCXpresso804
RESETN/PIOOS  CN6[6J/CN1(10]/S3/ DEBUG_SWD_RESE"CN4[3] (RST)  SPIO:SCK[..] GPIO:PIO0S USARTC g g § 2 e [
PIOO_4/ADC_11  CNG[7)/CNB[7)/CNS DEBUG_UART_TX  CNB[7] (D1); CN5[5] SPIO:SCKL...] GPIO:PIO0,4 USARTC A 3 9 .0 g &g o= d &
SWCLKPIOR.3  CNGIBJMIAUT DERUG.SWD,SWEC sposcel.] GRoPo0 USATTC § 8888888 ¢¢s > bt
SWDIO/PIO0_2. CNB[9J/CN1(2)/U1[1 DEBUG_SWD_SWDI SPIO:SCK[...] GPIO:PIO0,2 USARTC
PIOO_11/ADC_6/WKT CN6[10]/CNB(3)/D4] LED_BLUE cNB[3] (D5) SPIO:SCKL...] GPIO:PIOO,11 | USARTC [
CNG{TIVRTIONS(T] oSl (40) GPIO:PIO010 USARTC
Contiqures o routing, Incudig functonal secricalpn
PI00_Z1/ACMP_I5  CNBI12ICNBISIPIO CNBISI (D3)  SPIOSCKL..) GPIOPIO0.21 USARTC roperies, vorage/pover ra, and un-tme pin coniguraion.
PI00_20 CCN7[12)/CN3[10)/PIC CN3[10] (D8) SPIO:SCK(...] GPIO:PIO0,20 USARTC
PIO0ISADC.E  CNZITICNB[SIPIO CN3[8] (D10)  SPIOSSCK(..] GPIO:PIOO,15 USARTC
PI00_1ADC_O/ACMF CN7I10JCNISJICN CN3(5] (D13); CNSI(SPIO'SCK..] GPIOI001  USARTC ACMPADCO-CAPT - CTMEO DACO | GO .
PI0SADC.4  CN7ISY/CN3IBYRI3/ conale] (012) (0:SCKL..] GPIO:PIOOS  USARTC 120 121 LVISHFT  PINT P ] @ a
PIO0_8 5 CCN7([8)/CN3[7]/R20/ CN3([7] (D11) SPIO:SCK[...] GPIO:PIO0,8  USARTC L - S BWSHILS LT
voo CNTITIIPSRA7IVDL ' Genorated cod
vss  Update cods ensblea
PIOD_7/ADC_1/ACMF CN7(5]/CN3[2]/.P2% 12C_SDA CN3[2] (D14); CNS[«SPIOISCKL..] GPIOPI00,7 U™ . ® © @ Signal SPIO:MOSI B bou
Vi1 'VREFP CN7[4)/JP7/MCU_VF bk o oarfoins e
V122 PIODOMCMPI  CN7ISCNS[BJUP? DEBUG_UART_RX CNB[E] (00)  SPIO'SCKL..] GPIOPIO0O L alspio signal fo routing: Routable pins  signal routes: bosrdlpin_muxh
V23 PIODMACMPISIAL CN7(2J/CN(1IIPAR 2C._SCL ouspl019)  smoscxi.) oropoass Lol 24 - oo
24 PIO0_19/DACOUT  CNT(1}/CNB[2]/PIO0 CN8[2) (06) SPI'SCK[..] GPIO:PI0,19 L il (8] SWCLK/PI00_3 v
TcNB(2) (2] 06) (. B e oo Functionsl groups
%sc“‘ pine [Ji6) Resermion. P 50ARD_Initpins
SSELO - 21 pins = 8 [lizo) oo_siaoc_acwpvRER
[lesenr-21pins E § &l Himmonanocs P BoARD_it€0spins
|| (161 Pi00_9jADC. ¥ BOARD_INtDEBUG_UARTPins
1]
Route Al | Unroute Al ROE P BOARD_IntsWD_DEBUGRins
vako oo B soaRo_mtzceins @
(4] PI00_13/A0C.10
e P BoARD_Int8UTTONsPins
oone 19 50ARD_IntheopinelsPin )
' Othertools
Routing Details
8 N\ 2\
Pins| [Signas] Q P — BV = o
Routig Dtas for BOARD_Inheo. H=EE
N Paripheral  Signal Arrow Routed pinfsig Labl dentifr  Direction GO il sta Moo vert Hystorosis Open drsin  DAC Mods Lol * Resource esue
" seio wosi (11PI0010  CNIMIVRIC n/a Not Spectied n/a Pullp  Dissbled  Enabled  Dissbled o  Vormna USARTD Perpheral USARTO s ot il
s Warning 1200 Peripheral 200 is not niilzed
G Warning P10 Periphoral PI0 i not initilized
Zsw_Labos

5.
frequency to 24 MHz:

O NXPLPCBOA" (ZPSW_Lab0S)

In the Clocks tab, click on the FRO_OSC oscillator block and change its

eoce workspace_LPC56569 - ZPSW_Lab05/source/ZPSW_Lab0S.c - MCUXpresso IDE
CivJ @ & zpsw.tabos | 4 ) [ Uodste Cose + Functional Group  BOARD_BootClockFRO18M ML ASHRER =] Qri® e Qi A®mM O
Clocks Tale ZJo Clocks Diagrom 53 - @ QE @ E svsconfoos /= 0 [ 4 overvew ) Codeprevt ([ Regsers| I el 32 |3 Clockcons = 1
Run Mode acTive [¥) T®@aAaD
Element Details: SYSCONfro_ose:
\ Namo .l L] vele
svscon I ~ FRo0sC 24 Az
TS #RO oscilator Poner-tp.
sysangcLO
cun system clock
"
Y >chu e bus, S 08
S it
PLUCLKIN Placlkin | nactive PLUCLKIN clock
acive
o capToLRSEL
L —
min gk
mck | e
o nacive
bock |
ek,
o axourse.
man ok
a 12z puoumn cLKouT dock
Iposc.clk Disabled
boseck |
fro i ADCCLKDIV.
21847 ADC clock
e nactive
P
2 Problems 2 BV =15
uARTOCLKSEL
Insce uARTOLD cock Lovel « [Rssource esue
acive
. wsRTICURSEL
o
man
etk ol actve
= e cok
ot
fod
2PSW_Lab0s O e Lecao
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6. Then bring the 12 MHz clock signal to the SPIO interface by selecting
main_clk in the SPIOCLKSEL block:

eoce workspace_LPC55569 - ZPSW_L {_LaboS.c -
D E@ @ zpsw_iabos v] @ A B Updste Code v Functional Group  BOARD_BootClockFROTEM mBiY B Qi® P =] Qi A®wW¢ OB
5 Clocks Table | e Clocks Diagram 37 — @ Q G (0 &) SYSCON.SPIOCLKSEL /= O | & overview [) coe previ Detais 53 {3 Clock Cons = 1
RunMode ACTIVE [¥] TOaAD
Element Dotails: SYSCON.SPIOCLKSEL
Name c.|L.| valve
P10 clock select “main clock
fr AN e ADCCLKDIV.
- 12 MHz
A0C ceck
i nscive
Oiabled
. uARTOCLKSEL
man ok
o FRGOCLKSEL FRooL PRS00 DRy e UARTCLKO clock
== nctve
o
fodv
0.0k
o usRTICLKSEL
o}
man ok
TR b macive UARTELKI clock
frg0k nactve
odw
o coctkse.
o__,
man ck
DRy | e 126010 cock
0ok Tnsc
fo0.ck | e
o
o ncicusE.
o__,
man.ck
| acive 26011 clock
ek nscie
froan >
SPICLKO clock 4\ Problems 53 B[Y =0
D e
Lovel + Resource tssue
v 750k
FRO clockdivto 750k
[ — >
H
Iose.ck N
T e
|—.d| HOT clock
=->VMN1

ZPSW_Lab05 O NxP LPCBOA" (ZPSW_Labs)

7. Inthe Peripherals tab, select the SPI driver:

v @ & zpsw_iabos A AR + Functional Group  BOARD_IntPeripherals. M- ASHCES BiH-=] Q™ war e [ Q iE X@EMEOB
e Components 3 |/ Peripherals = 0| 4 overview 53 [ Code Preview =B

© N > Configuration - General Info
' Configuration - HW Info
Processor:  LpC804
Part number: LPCB0AMIOTDH24
Core: Cortex-MoP

!!

Board: LPCXpresso804
SDK Version:  ksdk2_0.

> Project
v peripherals

Configures the Infteki @ @ @ Select configuration component
Select which components shauld be affered  Present n the tool-chain project |¥

[ o)

P —— Configuration companent Component description Category.

GPIO General Purpose 10 (GPIO) Peripheral drivers (De:
¥ Update code enabled Irpose /O ( svu i K (

[
boardfperipherals.c USART (USART) Peripheral drivers (Device ¢
boardperipherals.h

~ Functional groups

M BoARD_nitPeripharals

~ Other tools

Open SOK components manager Cancel ok
2 Provlems R BlY=18
Level ~ Resource Issue Origin Target Type

% Woming  USARTO Peipheral USARTO i nt nitlzed _ Pins:80ARD_In{DEBUG._ UARTPins  Peripherls: BOARD_niparipherals _ Validation

S wWaming 1200 Perigheral 200 i notntislized  PinsBOARD_ ntzCPins Peipheral: BOARD. nitPripherals  Vaidation

S waming  sPi0 Peripheral SP0 = ot nilized  Pins80ARD. Valgation

ZPSW_Labos O NXPLPCBOA® (ZPSW. Labos)
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8. Configure SPI transmission parameters in Polling mode for the SPIO interface:

eoe workspace_LPCE5569 - ZPSW_LabO5/source/ZPSW_Lab0S.c - MCUXpresso IDE
Cir G @ @ zpsw.Labos v A A Bue Functional Group B¢ ENE Qi B o = Q i®m x®mMe OB
e Components 53+ Peripherals =0 [fsox = O | # Overview 3 [ Code Proview =0

Serial Peripheral Interface (SPI) (peripheral arivers (Device specific)]

o f

Processor: LPC804
Mode  Polling ¥] peripheral  spi0 v
+ sPI0

Partnumber: LPCB0AMIONDH24
v General configuration

W @ > Configuration- Generalinfo

costom name v Configuration - HW Info.

Preset  Custom i Coei] CortacMOP

BOARD.

Board: LPCXpresso804
SDK Version: _ksdk2_0

> Pproject

v Peripherals.

@ Configures the itiaization of the SOK peripheral arivers

Clock saurce $PI0 lock - BOARD. 12 iz, BOARD
Clock source frequency 12 Mz (BOARD_BootClockFRO1BM)
v Master configuration
Baus st () 4000000
Clock ptary CPOL=0: SCK inactive inlow
Clock prase CPHA=O: Capturoon eading dge/data onfolowing acge
wssortsa Startwih S8
Data width [oits] E
Siave seoct S0
Inverted active polary
Loopback fo test purpose
Enable SPI at initialization time
+ Dalay configuration
Prodoay o
post delay o
Famedony o
Tansterdlay 0
WARNINGS: ZPSW._Labos astain, ot routea. Signal nl SSELO

Signal SSELO (slave select) of the peripheral SPIO s not routed.

@ Updatscode enabled
Bl bosrdperphonisc
Bl bosrdperphorisn
v Functionsl roupe

B coaRD_initperipherals )

v Other tools

® @

@ a [ o)

£ Problems 53 BlY =8

~ Resource ssue
SPI0.3pi_miso
SPI0.spi_sck
SPI0.spi_ss0.
USARTO.
12c0

Signal SPI master data n, slave o
Signal SPI serialclock pin of the §
Signal SSELO (slave select) of the
Peripheral USARTO is not intialize
Peripheral 1260 is not intilized

9. 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"

#define LEDS 37

#define GET_BIT(k, n) (k & (1 << (n)))
#define SET_BIT(k, n) (k |= (1 << (n)))
#define CLR_BIT(k, n) (k & ~(1 << (n)))

#define CODE_0
#define CODE_1

uint32_t colors[LEDS]={0};
uintl6_t LED_data=0;

for(int j=0;j<n;j++) {
for(int i=23;i>=0;i—-) {

base->TXDAT = LED_data ;
+
+
// Reset >= 50 us
LED_data=0;
for(int j=0;j<50;j++) {

base—>TXDAT = LED_data ;
+

/%

* @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

0b10000
0b11100

while(!(base->STAT & SPI_STAT_TXRDY_MASK));

void Neopixels_Send(SPI_Type xbase, uint32_t n, uint32_t *value) {

LED_data = GET_BIT(valuel[jl, i) ? CODE_1 : CODE_O;

while(!(base->STAT & SPI_STAT_TXRDY_MASK));

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653
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SPI_WriteConfigFlags(SPI@_PERIPHERAL, kSPI_ReceivelIgnore);
while(1) {

colors[18] = 0x00000F;
Neopixels_Send(SPI@_PERIPHERAL, LEDS, colors);

}

return 0 ;

10. Connect the LED module to the prototype board according to the diagram
below:

oo

L E

=295

11. Build the project in the Release configuration, program the microcontroller
and check the program operation.

ATTENTION! Do not turn on all the LEDs with full brightness without additional
power supply to the module - it may damage the on board stabilizer. The
prototype board is able to power the entire LED module with approx. 1/16
brightness - the maximum value for the white color: HEX 0xOFOFOF.

DECR: 15,G: 15,B: 15
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Il. Function setRGB

1. Write a function that sets the color in RGB 888 format.

2. Add a system timer and check the brightness adjustment of individual RGB
components:

#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"

#define LEDS 37

#define GET_BIT(k, n) (k & (1 << (n)))
#define SET_BIT(k, n) (k |= (1 << (n)))
#define CLR_BIT(k, n) (k & ~(1 << (n)))
#define CODE_0 0b10000
#define CODE_1 0b11100

uint32_t colors[LEDS]={0};
uint8_t k=0;

void Neopixels_Send(SPI_Type xbase, uint32_t n, uint32_t xvalue) {
uintl6_t LED_data=0;

for(int j=0;j<n;j++) {
for(int i=23;i>=0;i—) {
LED_data = GET_BIT(valueljl, i) ? CODE_1 : CODE_O;

while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base->TXDAT = LED_data ;
+
}
// Reset >= 50 us
LED_data=0;
for(int j=0;j<50;j++) {
while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base->TXDAT = LED_data ;

}
inline uint32_t setRGB(uint8_t r, uint8_t g, uint8_t b) {

return ((g<<16) | (r<<8) | b);

void SysTick_Handler(void) {

colors[18] = setRGB(k++, 0, 0);

//colors[18] = setRGB(0, k++, 0)

//colors[18] = setRGB(0, 0, k++) ;

Neopixels_Send(SPIQ_PERIPHERAL, LEDS, colors);
+

/*

* @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
SPI_WriteConfigFlags(SPI@_PERIPHERAL, kSPI_ReceivelIgnore);
SysTick_Config(SystemCoreClock / 100); // 100 Hz
while(1) {
}
return 0 ;
+

3. Build a project, program the layout and test the program.
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Il. Function setBrightness
1. Write a function that sets the brightness of a given color:

#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"

#define LEDS 37

#define GET_BIT(k, n) (k & (1 << (n)))
#define SET_BIT(k, n) (k |= (1 << (n)))
#define CLR_BIT(k, n) (k & ~(1 << (n)))
#define CODE_0 0b10000
#define CODE_1 0b11100

uint32_t colors[LEDS]={0};
uint8_t k=0;

void Neopixels_Send(SPI_Type *base, uint32_t n, uint32_t xvalue) {
uintl6_t LED_data=0;

for(int j=0;j<n;j++) {
for(int i=23;i>=0;i—) {
LED_data = GET_BIT(valueljl, i) ? CODE_1 : CODE_O;
while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base->TXDAT = LED_data ;
+
+
// Reset >= 50 us
LED_data=0;
for(int j=0;j<50;j++) {
while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base->TXDAT = LED_data ;

+
inline uint32_t setRGB(uint8_t r, uint8_t g, uint8_t b) {

return ((g<<16) | (r<<8) | b);

+

uint32_t setBrightness(uint32_t color, uint8_t level) {
uint8_t b = level x (color & 0x0000FF) / 255;
uint8_t r = level *x ((color & 0x00FF00) >> 8) / 255;
uint8_t g = level *x ((color & @0xFF0Q0Q) >> 16) / 255;

return ((g<<16) | (r<<8) | b);
+

void SysTick_Handler(void) {

colors[18]
colors[18]

= setRGB(255, 0, 128);

= setBrightness(colors[18], k++);
Neopixels_Send(SPIQ_PERIPHERAL, LEDS, colors);

+

/*

* @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
SPI_WriteConfigFlags(SPIQ_PERIPHERAL, KkSPI_ReceivelIgnore);
SysTick_Config(SystemCoreClock / 100); // 100 Hz
while(1) {
}
return 0 ;
+

2. Build a project, program the microcontroller and test the program for
different RGB colors.
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lll. Simple animation
1. Write a function that "shifts" the shining point on the matrix:

#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"

#define LEDS 37

#define GET_BIT(k, n) (k & (1 << (n)))
#define SET_BIT(k, n) (k |= (1 << (n)))
#define CLR_BIT(k, n) (k & ~(1 << (n)))
#define CODE_0 0b10000
#define CODE_1 0b11100

uint32_t colors[LEDS]={0};
uint8_t k=0;
uint32_t rgbColor=0;

void Neopixels_Send(SPI_Type *base, uint32_t n, uint32_t xvalue) {
uintl6_t LED_data=0;

for(int j=0;j<n;j++) {
for(int i=23;i>=0;i—) {
LED_data = GET_BIT(valuel[jl, i) ? CODE_1 : CODE_O;

while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base->TXDAT = LED_data ;
+
+
// Reset >= 50 us
LED_data=0;
for(int j=0;j<50;j++) {
while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base—>TXDAT = LED_data ;

+
inline uint32_t setRGB(uint8_t r, uint8_t g, uint8_t b) {

return ((g<<16) | (r<<8) | b);
+

void Animate(uint32_t color)
{

for(int j=0;j<LEDS;j++)
colors[j]1=0x000000;

colors[kl=color;

k++;
if(k>=LEDS)
k=0;
+

void SysTick_Handler(void) {

rgbColor = setRGB(@, @, 15); // MAX RGB: (15, 15, 15)
Animate(rgbColor);

Neopixels_Send(SPIQ@_PERIPHERAL, LEDS, colors);
}

/*

* @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
SPI_WriteConfigFlags(SPIO_PERIPHERAL, KkSPI_ReceivelIgnore);
SysTick_Config(SystemCoreClock / 10); // 10 Hz
while(1) {
+
return 0 ;
+

2. Build a project, program the microcontroller and test the program.

ENGINE ERASMUS+ 2020-1-PL01-KA226-HE-095653 Page | 10



Programing of embedded systems
6. Neopixels driver

IV. Animation LUT (lookup table)
1. Write an animation using the LUT table. They do not exceed the value of 15
for each RGB component!

#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"

#define LEDS 37

#define GET_BIT(k, n) (k & (1 << (n)))
#define SET_BIT(k, n) (k |= (1 << (n)))
#define CLR_BIT(k, n) (k & ~(1 << (n)))
#define CODE_0 0b10000
#define CODE_1 0b11100

uint32_t colors[LEDS]={0};
uint8_t k=0;
uint32_t rgbColor=0;

const bool picl[4][LEDS] = {{

A
0,0,0,0,
0,0,0,0,0,
0,0,1,1,0,0,
0,0,1,0,1,0,0,
0,0,1,1,0,0,
0,0,0,0,0,
0,0,0,0,
A
0,0,0,0,
0,1,1,1,0,
e,1,0,0,1,0,
0,1,0,0,0,1,0,
e,1,0,0,1,0,
0,1,1,1,0,
0,0,0,0,
A
1,1,1,1,
1,0,0,0,1,
1,0,0,0,0,1,
1,0,0,0,0,0,1,
1,0,0,0,0,1,
1,0,0,0,1,
1,1,1,1,
h

void Neopixels_Send(SPI_Type *base, uint32_t n, uint32_t xvalue) {
uintl16_t LED_data=0;

for(int j=0;j<n;j++) {
for(int i=23;i>=0;i—) {
LED_data = GET_BIT(valuelj]l, i) ? CODE_1 : CODE_O;

while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base—>TXDAT = LED_data ;

}
+
// Reset >= 50 us
LED_data=0;
for(int j=0;j<50;j++) {
while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base->TXDAT = LED_data ;
+
inline uint32_t setRGB(uint8_t r, uint8_t g, uint8_t b) {

return ((g<<16) | (r<<8) | b);
+

void setImage(const bool ximage, uint32_t color) {
for(int i=0; i<LEDS; i++) {
colors[i] = imagelil * color;
+

void SysTick_Handler(void) {
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}

/%
* @brie
*/
int main

rgbColor = setRGB(@, @, 15); // MAX RGB:

setImage(pic

1[k++ % 4], rgbColor);

(15, 15, 15)

Neopixels_Send(SPIO_PERIPHERAL, LEDS, colors);

f  Applicatio
(void) {

/* Init boar
BOARD_InitBo
BOARD_InitBo
BOARD_InitBo

n entry point.

d hardware. *x/
otPins();
otClocks();
otPeripherals();

#ifndef BOARD_INIT_DEBUG_CONSOLE_PERIPHERAL

#endif

}

/* Init FSL
BOARD_InitDe

SPI_WriteConfigFlags(SPI0_PERIPHERAL,

debug console. *x/
bugConsole();

kSPI_ReceivelIgnore);

SysTick_Config(SystemCoreClock / 5); // 5 Hz

while(1) {

return 0 ;

2. Build a project, program the microcontroller and test the program.
3. Add another board with animation:

#include
#include
#include
#include
#include
#include
#include

#define
#define
#define
#define

#define
#define

<stdio.h>
"board.h"
""peripherals.
"pin_mux.h"
"clock_config
"LPC804.h"
"fs1_debug_co

LEDS 37

GET_BIT(k, n)
SET_BIT(k, n)
CLR_BIT(k, n)

CODE_0
CODE_1

o
e
nsole.h"

(k & (1 <<

(k |= (1 <<

(n)))
(n)))
(k & ~(1 << (n)))

uint32_t colors[LEDS]={0};

uint8_t
uint32_t

Ao

A

Ao

h

k=0;
rgbColor=0;

0b10000
0b11100
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A
0,0,0,1,
0,0,0,1,1,
0,0,0,1,0,1,
0,0,0,1,1,1,1,
0,0,0,0,0,0,
0,0,0,0,0,
0,0,0,0,
Ao
0,0,0,0,
0,0,0,0,0,
0,0,0,0,0,0,
0,9,0,1,1,1,1,
0,9,0,1,0,1,
0,0,0,1,1,
0,0,0,1,
Ao
0,0,0,0,
0,0,0,0,0,
0,0,0,0,0,0,
0,9,0,1,0,09,0,
0,9,1,1,0,0,
0,1,0,1,0,
1,1,1,1,
A
0,0,0,0,
0,0,0,0,0,
0,0,0,0,0,0,
1,1,1,1,9,0,0,
1,9,1,0,0,0,
1,1,0,0,0,
1,0,0,0,
Ao
1,0,0,0,
1,1,0,0,0,
1,9,1,0,0,0,
1,1,1,1,9,0,0,
0,0,0,0,0,0,
0,0,0,0,0,
0,0,0,0,
h

void Neopixels_Send(SPI_Type *base, uint32_t n, uint32_t xvalue) {
uintl6_t LED_data=0;

for(int j=0;j<n;j++) {
for(int i=23;i>=0;i—-) {
LED_data = GET_BIT(valueljl, i) ? CODE_1 : CODE_O;

while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base->TXDAT = LED_data ;
+
}
// Reset >= 50 us
LED_data=0;
for(int j=0;j<50;j++) {
while(!(base->STAT & SPI_STAT_TXRDY_MASK));
base—>TXDAT = LED_data ;

}
inline uint32_t setRGB(uint8_t r, uint8_t g, uint8_t b) {

return ((g<<16) | (r<<8) | b);
}

void setImage(const bool ximage, uint32_t color) {
for(int i=0; i<LEDS; i++) {
colors[i] = image[i] * color;
+
void SysTick_Handler(void) {

rgbColor = setRGB(@, @, 15); // MAX RGB: (15, 15, 15)
setImage(pic2 [k++ % 6], rgbColor);
Neopixels_Send(SPIQ_PERIPHERAL, LEDS, colors);

+

/*

* @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

SPI_WriteConfigFlags(SPIQ_PERIPHERAL, kSPI_ReceivelIgnore);
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SysTick_Config(SystemCoreClock / 5); // 5 Hz
while(1) {
+

return 0 ;

4. Build a project, program the microcontroller and test the program.

V. Exercises
1. Create your own LUT animations

2. Create a color animation (remember not to exceed RGB values: 15, 15, 15 on
many LEDs)
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