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Overview

This advanced project shows you how you can drive a 16 NeoPixel ring (https://adafru.it/dyU) and Sharp IR distance
sensor (https://adafru.it/vEz) using an inexpensive ARM Cortex MO+ LPC824 (https://adafru.it/VEA). The LPC824 was
used due to it's low cost, and an interesting peripheral it has called the State Configurable Timer, which allows us to
offload the tight NeoPixel timing requirements to a HW peripheral.

This project is not based on the Arduino IDE, and uses an Eclipse-based IDE that is designed for this MCU

family. Bare metal software development gives you full control over the software development process, but
also has a higher learning curve and this should be considered an advanced project as such.

This was largely a personal project, wanting to keep up to date with recent members of the LPC800 device family from
NXP, but it's being published here in the hope that it proves useful to other people interested in driving NeoPixels with
a small, but powerful and flexible MCU like the LPC824!

Hardware Requirements

® NeoPixel Ring - 16 x 5050 LEDs (https://adafru.it/dyU) (RGB)

e Sharp IR Distance Sensor - GP2YOAOQ2YK (https://adafru.it/vEz)

® | PCXpresso824-Max Development Board (https://adafru.it/VEB): This board isn't available from Adafruit, but can
be purchased from a large number of distributors (click the link to see a list on Octopart).

End Result

The final project will give you something resembling this:
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https://www.adafruit.com/product/1463
https://www.adafruit.com/product/1031
http://www.nxp.com/products/microcontrollers-and-processors/arm-processors/lpc-cortex-m-mcus/lpc800-series-cortex-m0-plus-mcus/low-cost-32-bit-microcontroller-based-on-arm-cortex-m0-plus:LPC824M201JHI33
https://www.adafruit.com/product/1463
https://www.adafruit.com/product/1031
https://octopart.com/search?q=OM13071
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Software

This project is not based on the Arduino IDE, and uses an Eclipse-based IDE that is designed for this MCU

family. Bare metal software development gives you full control over the software development process, but
also has a higher learning curve and this should be considered an advanced project as such.

The project was written entirely in C using the free cross-platform LPCXpresso IDE (https://adafru.it/VEC) (version 8.2.2
specifically). To add support for the LPC824 MCU, the LPC824 Code Bundle for LPCXpresso (https://adafru.it/VED)
(version 1) was also downloaded and installed.

You can perform the following steps to make the software available locally on your development machine:

1. Download (https://adafru.it/vEC) and install the LPCXpresso 8.2.2 IDE for your operating system
2. Download the LPC824 Code Bundle for LPCXpresso (https://adafru.it/VED) (version 1)
3. Download the Project Code Bundle, available as a.zip file (https://adafru.it/VEE) in the Github repo.

Importing the LPC824 Code Bundle

Before you can import the project files, you need to import the LPC824 Code Bundle, which includes all the low level
drivers for this project:

e Click the Import Projects button in the QuickStart menu in the bottom right-hand corner of the IDE:

) Quicks &3 Variabl ®e Break Outlin Expre = 0

¥ Import project(s)

e |n the dialogue box that pops up, select the appropriate .zip file in the Archive field:
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http://www.nxp.com/products/microcontrollers-and-processors/arm-processors/lpc-cortex-m-mcus/lpc1100-cortex-m0-plus-m0/lpcxpresso-ide-v8.2.2:LPCXPRESSO
http://www.nxp.com/assets/downloads/data/en/software/LPC824_Example_Code_Bundle_LPCXpresso_r1.0.zip
http://www.nxp.com/products/microcontrollers-and-processors/arm-processors/lpc-cortex-m-mcus/lpc1100-cortex-m0-plus-m0/lpcxpresso-ide-v8.2.2:LPCXPRESSO
http://www.nxp.com/assets/downloads/data/en/software/LPC824_Example_Code_Bundle_LPCXpresso_r1.0.zip
https://github.com/microbuilder/LPC824_NeoPixel_DistanceSensor/raw/master/CodeBundle/NeoPixelDistanceSensor_13April2017.zip

® @ Import project(s)

Import project(s)

Select the examples archive file to import. ; ;

Projects are contained within archives (.zip) or are unpacked within a directory. Select your
project archive or root directory and press <Next>. On the next page, select those projects you
wish to import, and press <Finish>.

Project archives for LPCOpen and 'legacy’ examples are provided.
Project archive (zip)

Archive | [Users/ktown/Downloads/LPCB24_Example_Code_Bundle_LPCXpresso_r1.0.: Browse...

Project directory (unpacked)

Root directory

LPCOpen

LPCOpen is the recommended code base for Cortex-M based NXP LPC Microcontrollers.

LPCXpresso includes the LPCOpen packages which can be imported directly by pressing the Browse
button in the Project archive (zip) section, above, and navigating to the Examples/LPCOpen directory.

Alternatively, press the button below to Browse the nxp.com website for latest resources.

Browse LPCOpen resources on nxp.com...

) Next > Cancel

e Click the Finish button to import the files, which should results in your Project Explorer looking like this:
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[ project Ex 82 7 Periphera !ili Registers %, SymbolVi =

|
-
3 l£5 comman
3 L£5 Example_ADC_Sega_Segb
» =% Example_Analog_Comparator

@
o

>S5 Example_DMA_UART

>S5 Example_GPIO_Interrupts

b S Example_GPIO_Pattern_Match
(= Example_|2C_MasterSlave
(= Example_|2C_Wakeup_Master
(= Example_|2C_Wakeup_Slave
(= Example_Multi_Timer_Blinky

> S Example_PMU_Modes

(= Example_SCT_Event_Counter
b5 Example_SCT_Event_Timer

» (=5 Example_SCT_PWM_2State

» =5 Example_SPI_Wakeup_Master
b 5 Example_SPI_Wakeup_Slave

b 5 Example_SPIOM_SPI1S

b =5 Example_UARTO_Terminal

F (=5 Example_USART_Wakeup_Master

Importing the Project Code Bundle

Next, you need to import the project code bundle, which is provided as a .zip file for easy import.

e Select the Import project menu option again in the Quickstart window:
) Quicks Variabl ®e Break QOutlin Expre = 0

® Import project(s)

e Now point to the project Code Bundle in the Archive field:
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Import project(s)

Select the examples archive file to import. ; ,;
-

Projects are contained within archives (.zip) or are unpacked within a directory. Select your
project archive or root directory and press <Next>. On the next page, select those projects you
wish to import, and press <Finish>.

: import prﬁject{si

Project archives for LPCOpen and 'legacy’ examples are provided.
Project archive (zip)

Archive [Usersfktown/Downloads/NeoPixelDistanceSensor_13April2017.zip Browse...

Project directory (unpacked)

Root directory

LPCOpen

LPCOpen is the recommended code base for Cortex-M based NXP LPC Microcontrollers.

LPCXpresso includes the LPCOpen packages which can be imported directly by pressing the Browse
button in the Project archive (zip) section, above, and navigating to the Examples/LPCOpen directory.

Alternatively, press the button below to Browse the nxp.com website for latest resources.

Browse LPCOpen resources on nxp.com...

@ Next > Cancel

e Click the Finish button and you should have a new project in the Project Explorer called Ipc824_neopixel:

» =% Example_USART TM_USART2S
> =5 Example_WWDT_Window_and_Warning_Interrupt

£ |pc824_neopixel
» =% peripherals_lib
» 5 utilities_lib

You can expand this menu option to see the source code for this project, double-clicking on main.c to see the project
entry point:
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v 5 |pc824_neopixel

» 4 Binaries

» il Includes

F = common

F = Debug

» ] aeabi_romdiv_patch.s

» ] cr_startup_lpc82x.c

» [ crp.c

| > Bmanc |

> [ mtb.c

» [h sct_generic_addon.h

» [n] sct_Ipc82x_addon.h
|-/ IpcB24_neopixel Debug.launch
= Ipc824_neopixel Release.launch

e At this point, you can access and modify the source code if required:

@ Welcome (£l mainc B =n

Pins used in this application:

PR.86 [X] - ADCL: Input for the distence sensor
5  P@.14 [0] - GPO: SPIQ isr. indicator (active high)
& P9.19 [0] - CLEOUT: main/l
7 PR.28 [X] - SCT_IN@/SPIQ_SCK: reference clock
P@.21 [X] - SCT_INL/SPI@_MOSI: SPI date
3 PO.22 [0] - SCT_OUTS: W52B12 data
18 PR.23 [0] - SCT_OUTL: ective transfer indicater (high)

To run this demo hook the DATA/DIN pin on the Neppixels to
P@.22 (A3 on the LPCEZ4MAX Arduing heoader), ond power the
MeoPixels with the 5¥ output om the board.

18 */

& minclude <stdint.h>
3y #Finclude «stdio.h>
#include «string.hs
rinclude <math.h>

23 #include "LPCBxx.h™

24 minclude “lpclxx_syscon.h®
25 #include "lpclxx_swm.h”

26 #®include “lpcBxx_odc.h”™

28 w®include "sct_lpcd2x_addon.h”
3 #include "sct_generic_oddon.h®

11 volatile uint32_t main_loop_counter, 1, j;
12 wolotile vint32_t user_gote_pottern, user_gote_counter;
11 volatile uint32_t dussy_32b;

15 #define TSAMPLE 1 /# input doto sompling point; fregquency independent

i6 #define TOH 5 AF 5/12 MHz = 0,417 us # 12 MHz (Spec: .35 us); 10 for 24 MHz setup
17 Adefine TOL 12 A7 18/12 MHz = 8.833 us @ 12 MHz (spec: 9.88 us); 20 for 24 MHz setup
18 #define T1H ] Af B/12 MHz = 0.667 us @ 12 Mz (spec: 9.70 us); 16 for 24 WHz setup
19 edefine TIL 7 Af T/LZ MHz = 9,583 us @ 12 MMz (spec: 0.6 us); 14 for 24 MHz setup
4 Hdafine TNRONF F179FSMTAYY 7 SRLIA ne @ 17 WHr dalav far tha dana auand

NeoPixel Setup

The included project supports both RGB and RGBW NeoPixels, and you can adjust the number of NeoPixels present if
you aren't using an identical NeoPixel layout.

Before proceeding any further, make sure the following two values are set to match the NeoPixel setup you are using
(these can be found in main.c):

Set WS2812_LED_CLRS to 3 for RGB NeoPixels or 4 for RGBW NeoPixels!

#define WS2812 LED CNT (16)
#define WS2812 LED CLRS (3) // 3 = RGB, 4 = RGBW
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5o #define SPIR_ISR_PORT  (LPC_GPIO_PORT)

l'_ #define SPIR_ISR_PIN (14)

53 #define WS2812_LED_CNT (18)
54 #define WSZB12_LED_CLRS (3D

#define DEBOUNCE_PRE [32)

57 odefine DEBOUNCE_DEV (8.5f)
¢ #define DEBOUNCE_DELAY (2400000)

Compiling the Project

//SPI ISR activity pork pin
/

£ 3 = RGB, 4 = RGOW
£ The number of semples to average before debouncing

£ +/- B.5cm
/7 200ms delay (in ticks) between gebounce reads

To make sure everything is installed correctly, you can try to compile the project as follows:

e Make sure that the correct project is selected in the Project Explorer window on the left-hand side of the IDE

e Connect your LPCXpresso824-Max board to your development machine via the USB cable (the board includes
an on board SWD debugger that will be used to flash and debug the LPC824 MCU)

e Select the Project > Build Project menu item to build the project as well as any project depencies (peripherals
and utilities libraries in this case):

Run Window Help

Open Project
Close Project

o Build All #B

Build Configurations

Build Project

Build Working Set
Clean...
Build Automatically

C/C++ Index

Properties

e Optionally, you can select the Build 'lpc824_neopixel' (Debug) QuickStart menu item:

ﬂ Build 'lpcB24_neopixel' [Debug]

e |f you get a popup dialogue box (this should only appear once) select the Ipc824_neopixel Debug profile, as
shown below, then click the Run button:
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e @ Run Configurations

ame— e P

B X B Name: Ipc824_neopixel Debug
_ Main ] Commen % Source | % Debugger
¥ [E1C/C++ (NXP Semiconductors) MCL || o0y wookestion:

!-?flpcszd_mninl Releaza DebuglipcB24_neopinelax!

[Ec/C++ Application variables... Search Project... Browse...
¥ Launch Group
Project:

lpcB24_neopixel Browse...

Build (¥ required) before launching

Build configuration:  Debug %]
Enable auto build Disable auto build
D Use workspace settings Configure Workspace Settings...

Connect process input & output to a terminal.

Filter matched 5 of & items

@ Close

e |f everything worked correctly, you should see the compilation results in the Console window at the bottom of
the IDE:

B Console 2 |° Problems Memory & Instruction Trace J SWO Trace Config #D Power Measurement Tool =-a
o BE-R =B8-03-

COT Build Console [lpcB24_neopixel]

BULLOLAG TOoFget. (pcads_Reoplxel.axt

Invoking: MCU Linker

arm-none-eabi-gee -nostdlib -L*/Users/ktown/Desktop/Cleanorkspace/utilities_Lib/Flash™ -L"/Users/ktown/Desktop/CleanWorkspa

Memory region Used Size Region Size Xage Used
MFlosh32: 8728 B 3T KB 26.64%
RomLocB: 184 B E KB 1.27%

Finished building terget: lpcB24_neopixel.axf

moke --no-print-directory post-build
Performing post-build steps
orm-none-eobi-size “lpcB2d_necpixel.oxf™; # arm-none-eabi-objcopy -v -0 bimary “lpcB24_neopinel.oxf" “lpcB24_necpixel.bin® ;

text data bss dec hex filename
B728 a 184 BE3Z 2280 1pcB24_neopixel axf

17:39:55 Build Finished (took 95ms)

e To flash and run the compiled software, click the Debug 'lpc824_neopixel' (Debug) QuickStart menu item with
the board connected to your machine:

f?- Debug 'lpcB24_neopixel' [Debug]

e This will cause the IDE to connect to the debugger, flash the sketch, and stop code execution at the project entry

point, which is main(void):
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o Export projeciy i wrchive )
o Exrorn prviechs aee seenon 18 et (1o
B ot progsctis) fram XML, Dewcrigtion

{0 NP LPCHRS ochlt eccieed

e To continue code execution use the Resume (F8) or other toolbar icons or keyboard shortcuts:

1 Dby 11 Wi =8
* HlipeB24_rmopinel Detug [C/Ces (AP Semiconduciees| WU Appleation]
* @ ipchie_nespielaxt 1]
¥ Thriad 91 1 [ronfbie] (Suspasded : Beakpsint]
= maini) 1 main.c81 Oxdoe
ofl arm-none-sabi-gub (7.10.1, 201806146

@ Weicoma [ malae B

#a-ing mein{void)

" #F Clwar gl LiBs
" For Q1 o= B 1 1= EETNEE_LEDLINT Qee)
]

kL ¥
141 FUF (ERZELELED_CLRS = 4)
184 wa2ELE_danali].shine =

pe—r

'wﬂ = protlerrn | Memory § initruction Trece ”m-'mcll’_‘mlq D Power Madsurement Fool
- REEEE 2B-m-
IpcllA_neopimd Detug |G + (MNP Semiconduciors] MO Application| ipcldd_necpiel axd

| writazie Smartisert | 9111
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Hardware

Pinout

To run this demo, connect the NeoPixel ring to the LPC824Max development board as follows:

e Connect the DATA/DIN pin on the Neopixels to P0.22 (A3 on the LPC824MAX Arduino header)
e Connect Power 5V DC on the NeoPixel to the +5V pin on the LPC824Max
e Connect GND on the NeoPixel to GND on the LPC824Max

Then connect the Sharp IR distance sensor as follows:

e Connect the yellow cable (analog output) to P0.6 (AO on the LPC824Max Arduino header)
e Connect the red cable to the +5V pin on the LPC824 Max
e Connect the black cable to GND on the LPC824Max

Physical Wiring Details

There are numerous ways to solder this project together, depending on the project requirements, but for convenience
sake the NeoPixel ring and Sharp IR Sensor were connected to the LPC824MAX development board with silicon
wiring (https://adafru.it/fpT) since it's heat resistant, flexible, and is easy to work through the back of the enclosure.

The ends of the two sets of three cables were soldered to two sets of 3-pin wide 0.1" male headers
pins (https://adafru.it/VEF), which were then inserted into atiny breadboard (https://adafru.it/kft):

You may require something more robust if the project is likely to be moved a lot, such as a small piece of

proto PCB!
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https://www.adafruit.com/product/2003
https://www.adafruit.com/product/3002
https://www.adafruit.com/product/65

3D Printed Enclosure

To get the project off the table and into a usable form factor, a 3D printed enclosure was designed for the NeoPixel
ring and the Sharp IR distance sensor.

The STL files are available with the source code on Github (https://adafru.it/VEG), and consist of two mandatory parts,
and an optional third part:

e Standvl.stl (https://adafru.it/VEH): A stand to support the NeoPixel ring and Sharp IR sensor
e Neopixelv5.stl (https://adafru.it/VEI): A circular enclosure for the NeoPixel ring and Sharp IR sensor that can be
screwed onto the base

e Neopixelvb_diffuserv4.stl (https://adafru.it/vEJ): An optional third diffusion ring that can be printed in a semi-
opaque material and snapped on top of the circular enclosure if desired

Preview

A rendered image of the various parts can be seen below. The development board and wires aren't shown.
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https://github.com/microbuilder/LPC824_NeoPixel_DistanceSensor/tree/master/DesignFiles
https://github.com/microbuilder/LPC824_NeoPixel_DistanceSensor/blob/master/DesignFiles/Standv1.stl
https://github.com/microbuilder/LPC824_NeoPixel_DistanceSensor/blob/master/DesignFiles/Neopixelv5.stl
https://github.com/microbuilder/LPC824_NeoPixel_DistanceSensor/blob/master/DesignFiles/Neopixelv5_diffuserv4.stl
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Downloads

Software Development

e | PC824_NeoPixel_DistanceSensor (https://adafru.it/VEK) - Project and 3D Files
® | PCXpresso 8.2.2 IDE (https://adafru.it/VEC)
® | PC824 Code Bundle for LPCXpresso (Rev 1) (https://adafru.it/VED)

Documentation

® | PC824 Product Summary (https://adafru.it/vEA)
e | PC824 Datasheet (https://adafru.it/VEL) - Key technical details
e | PC824 User Manual (https://adafru.it/VEM) - Programming manual for the MCU

Hardware

LPCXpresso824-MAX Development Board (https://adafru.it/VEN)
NeoPixel Ring - 16 x 5050 LEDs (https://adafru.it/dyU) (RGB)

Sharp IR Distance Sensor - GP2YOAO2YK (https://adafru.it/VEz)
Optionally: NeoPixel Ring - 16 x 5050 RGBW LEDs (https://adafru.it/VEO)
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https://github.com/microbuilder/LPC824_NeoPixel_DistanceSensor
http://www.nxp.com/products/microcontrollers-and-processors/arm-processors/lpc-cortex-m-mcus/lpc1100-cortex-m0-plus-m0/lpcxpresso-ide-v8.2.2:LPCXPRESSO
http://www.nxp.com/assets/downloads/data/en/software/LPC824_Example_Code_Bundle_LPCXpresso_r1.0.zip
http://www.nxp.com/products/microcontrollers-and-processors/arm-processors/lpc-cortex-m-mcus/lpc800-series-cortex-m0-plus-mcus/low-cost-32-bit-microcontroller-based-on-arm-cortex-m0-plus:LPC824M201JHI33
http://www.nxp.com/documents/data_sheet/LPC82X.pdf
http://www.nxp.com/documents/user_manual/UM10800.pdf
http://www.nxp.com/products/microcontrollers-and-processors/arm-processors/lpc-cortex-m-mcus/software-tools/lpcxpresso-boards/lpcxpresso824-max-board-for-lpc82x-family-mcus:OM13071
https://www.adafruit.com/product/1463
https://www.adafruit.com/product/1031
https://www.adafruit.com/product/2855
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