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WS2812b LED strips 

The	 introduction	 of	 the	 WS2812b	 was	 a	 game	 changer	 for	 all	 those	 involved	 making	
projects	with	a	 large	number	of	 coloured	LEDs.	 It	 allows	a	 simple	method	of	defining	 the	
colour	and	brightness	of	a	large	number	of	LEDs	and	updating	them	quickly.		

Talking to the strip  
When	 using	 the	 Arduino	 there	 are	 two	 libraries	 you	 can	 use	 to	 communicate	 with	 the	
WS2812b	LEDs,	one	from	AdaFruit	called	Adafruit_NeoPixel	and	the	"FastLED"	library	from	
http://fastled.io.	A	 library	 is	desirable	because	 the	WS2812b	requires	a	 fast	and	precisely	
timed	signal	and	what	you	have	 to	do	 to	achieve	 this	 changes	with	exactly	what	platform	
you	have.	Using	a	library	makes	your	code	more	portable	because	these	changes	are	made	
by	the	library	when	it	finds	out	what	platform	it	is	running	on.	While	the	two	libraries	are	
similar	they	both	work	on	the	same	principle.	The	examples	given	in	this	document	use	the	
AdaFruit	library	but	the	principles	apply	to	the	FastLED	library	as	well.	

Data	 to	 be	 to	 the	WS2812b	 LEDs	 is	 gathered	 in	 a	 buffer	with	memory	 locations	 for	 each	
colour	component	of	each	LED.	Your	program	then	interacts	with	this	buffer	by	setting	the	
colour	of	each	LED	either	directly	or	through	a	library	provided	function	of	method.	When	
your	 code	 has	 finished	 this	 manipulation	 of	 the	 buffer	 a	 call	 to	 the	 library	 is	 made	 to	
transfer	this	buffer	to	the	LEDs.	In	general	all	the	LEDs	are	refreshed	at	this	time	even	if	the	
data	sent	to	them	is	the	same	as	the	previous	time.	The	speed	at	which	the	displays	can	be	
updated	is	determined	by	how	long	it	takes	to	transfer	the	buffer	to	the	LEDs	and	how	long	
it	takes	the	code	to	prepare	the	buffer	for	the	next	display.	Both	these	take	longer	the	more	
LEDs	you	have	in	the	string.	

You	can	have	multiple	strips	attached	to	your	Arduino	on	separate	data	pins	by	just	calling	
multiple	instances	of	the	library.	This	is	most	useful	if	you	want	to	have	two	strips	showing	
patterns	 that	 change	at	 a	different	 rate.	Otherwise	 there	 is	no	advantage	 in	 splitting	up	a	
display	into	different	strips.	
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Filling the buffer 
Most	of	your	effort	when	using	 these	strips	will	 involve	you	with	 filling	 the	buffer	 for	 the	
next	display	and	basically	there	are	two	ways	you	can	do	this.	

Algorithmically 
The	examples	that	come	with	both	libraries	show	algorithmic	ways	of	filling	the	buffer.	This	
involves	writing	short	routines	that	define	what	pixels	or	an	and	at	what	colour.	This	is	the	
most	efficient	way	of	filling	the	buffer	but	it	is	also	the	one	that	takes	the	most	skill.	The	user	
has	to	come	up	with	the	code	to	get	a	specific	pattern	or	effect.	What	is	worst	is	that	many	of	
the	 example	 sketches	 involve	 the	 use	 of	 the	 delay	 function	 which	 in	 effect	 stops	 the	
processor	doing	anything	else.	A	typical	request	on	the	forums	is	that	a	user	wants	to	switch	
between	effects	but	any	change	only	happens	at	the	end	of	a	effect,	not	when	the	switch	is	
changed.	This	can	simply	be	solved	by	writing	the	code	as	a	finite	state	machine	but	this	is	
not	an	easy	task	for	a	beginner.	

However,	writing	effects	functions	is	an	excellent	way	to	learn	how	to	program	and	gets	you	
thinking	about	the	relationship	between	code	instructions	and	what	they	actually	do.		As	an	
added	bonus,	errors	in	your	algorithm	can	sometimes	turn	out	to	be	better	effects	that	you	
were	trying	to	create	in	the	first	place.	

Look up tables 
The	 other	 way	 of	 setting	 up	 the	 LED	 buffer	 is	 to	 use	 a	 look	 up	 table,	 this	 is	 an	 area	 of	
memory	that	defines	the	state	of	each	LED	for	each	stage	or	frame	of	the	LED	display.	This	is	
relatively	easy	to	do	but	it	can	be	tiresome	and	tedious	when	you	have	a	lot	of	LEDs	to	cope	
with.	

One	 way	 round	 this	 is	 to	 use	 a	 computer	 to	 help	 you	 with	 the	 task	 of	 converting	 your	
pattern	 to	 the	 numbers	 you	 need	 to	 fill	 the	 buffer.	 The	 Processing	 language	 is	 a	 popular	
multiplatform	free	language	that	can	easily	do	that	sort	of	thing.	A	graphical	user	interface	
can	be	made	to	define	a	frame	with	mouse	clicks	and	the	program	can	produce	a	 .h	 file	of	
the	numbers	to	include	directly	into	your	Arduino	sketch.	

There	is	still	a	limitation	however	in	that	each	frame	needs	three	bytes	to	define	every	LED	
and	 the	 Arduino	 would	 quickly	 run	 out	 of	 memory,	 even	 if	 it	 were	 put	 into	 program	
memory.	One	solution	 is	 that	 instead	of	storing	every	LED	for	every	frame,	you	store	only	
the	LEDs	that	have	changed	from	the	previous	frame.	This	adds	another	value	you	need	to	
store	along	with	the	brightness	values	for	each	coloured	LED	and	that	is	the	LED's	position	
in	 the	buffer.	 So	 changing	every	LED	 in	 the	buffer	 could	 require	more	memory	 to	encode	
than	simply	storing	the	buffer.	
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However,	 as	most	animations	change	only	a	 few	LEDs	 from	one	 frame	 to	 the	 this	 form	of	
encoding	 is	often	a	good	strategy.	Storing	only	 the	changes	and	not	 the	absolute	values	 is	
known	as	delta	encoding.	Of	course	there	has	to	be	a	reference	point	to	start	from	and	the	
simplest	is	a	state	where	all	the	LEDs	are	off,	and	the	LEDs	can	be	put	into	that	state	with	a	
simple	routine.	

Driving the WS2812b Strip 
While	 in	theory	you	can	connect	 the	LED	strip	up	directly	to	an	Arduino	there	are	quite	a	
few	 advantages	 in	 doing	 it	 correctly.	 First	 off	 it	 has	 to	 be	 a	 5V	 Arduino	 to	 connected	 it	
directly,	and	also	it	is	a	good	idea	to	put	a	small	series	resistor	in	the	data	line	to	absorb	any	
reflections	on	the	line	to	the	first	LED	and	prevent	the	formation	of	a	standing	wave	on	the	
line.	The	circuit	below	however	will	not	only	cope	with	all	 types	of	Arduino,	but	will	 also	
offer	some	more	protection	to	the	LED	strip.	

 

The	74LS14	acts	as	a	buffer	boosting	the	low	signal	outputs	from	3V3	Arduinos	like	the	Due	
and	Zero.	However,	powering	the	buffer	from	the	same	power	supply	as	the	strip	provides	a	
vital	level	of	protection.	People	have	often	noticed	that	the	first	LED	in	the	string	is	the	first	
one	 to	be	damaged.	The	main	 reason	 for	 that	 is	 that	most	people	do	not	use	an	adequate	
power	supply	when	driving	these	strips.	A	4	meter	strip	with	60	LEDs	per	meter	contains	
240	LEDs	and	can	consume	75W.	That	is	a	current	of	15A!	Most	people	recon	that	they	will	
not	have	all	the	LEDs	on	full	brightness	white	so	there	needs	to	be	nothing	like	that	current	
capability	on	the	LED's	power	supply.	This	to	a	certain	extent	is	true	and	the	LED	strip	can	
work	down	to	a	voltage	of	3V3,	but	what	happens	is	that	after	any	power	supply	reaches	its	
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current	 limit,	 any	 further	 demand	 for	 current	 is	 met	 by	 a	 reduction	 in	 voltage.	 So	 your	
power	 supply	 might	 temporally	 dip	 down	 to	 say	 4V	 for	 some	 patterns.	 With	 a	 direct	
connection	this	means	you	are	feeding	the	data	signal	at	a	voltage	above	that	which	the	chip	
is	being	powered	with.	This	is	a	sure	fire	way	to	destroy	a	chip.	By	having	a	buffer	powered	
with	 the	 same	 voltage	 as	 the	 strip	 ensures	 that	 the	 first	 LED	 can	 never	 receive	 an	 over	
voltage	signal.	You	might	think	that	these	precautions	are	not	warranted	but	the	forums	are	
littered	with	people	who	have	burned	out	their	strips.		

Laying out the WS2812b 
While	you	can	simply	have	the	LED	strip	as	one	long	continuous	strip	the	scope	for	patterns	
is	 limited.	Most	of	 the	 time	 it	 is	 convenient	 to	make	a	rectangular	display	by	 laying	strips	
together.	There	are	two	ways	you	can	wire	this	up.	One	is	in	a	linear	raster	fashion,	and	the	
other	in	a	serpentine	raster	fashion.			

Linear Raster 
The	 linear	 raster	 simply	 starts	 each	 column	 where	 the	 previous	 one	 left	 off.	 The	 circuit	
below	shows	a	linear	raster	wiring	for	a	7	x	7	display.	
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The	columns	are	one	continuous	strip	and	the	rows	 formed	by	 laying	strips	adjacently.	 In	
this	case	the	three	wires	have	to	be	taken	from	the	top	of	one	column	to	the	bottom	of	the	
next.	This	sort	of	wiring	is	not	the	best	as	the	long	runs	for	the	signal	can	end	up	degrading	
it	and	interference	can	be	picked	up.	On	the	plus	side	the	addressing	is	simpler.	That	means	
converting	 the	X	 -	Y	values	of	an	LED	 into	 the	LED	number	along	 the	strip	(buffer).	Given	
any	X	-	Y	value	the	LED	number	is	simply:-	

LED	number	=	Y	+	(X	*	number	of	LEDs	in	a	column)	

Note	that	this	figure	can	be	rotated	by	90°	and	then	it	becomes	a	row	raster.	

Serpentine Raster 

A	much	better	way	to	wire	up	a	rectangular	display	is	by	making	a	serpentine	raster.	This	is	
where	the	top	of	one	column	is	wired	up	to	the	top	of	the	next.	This	means	that	the	wiring	
between	 the	 sections	 of	 LED	 strip	 are	 short	 and	 thus	more	 robust.	 The	 circuit	 is	 shown	
below.	
 



Grumpy	Mike	Special	■ 	WS2812b	LEDs	

6	

Here	the	conversion	from	X	-	Y	values	to	strip	values	are	just	a	little	more	involved	but	that		
what	software	is	for.	In	the	case	of	even	numbered	columns	the	conversion	is	simply	what	
we	had	before,	with:-	

LED	number	=	Y	+	(X	*	number	of	LEDs	in	a	column)	

However	for	odd	numbered	columns	the	conversion	is	:-	

LED	number	=	(X	*	number	of	LEDs	in	a	column)	+	(number	of	LEDs	in	a	column	-1	-Y)	

To	determine	if	the	X	coordinate	is	odd	or	even,	simply	look	at	the	least	significant	bit	of	the	
X	value	and	if	it	is	a	zero	then	it	is	an	even	column	or	if	it	is	a	one	it	is	an	odd	column.	So	all	
the	software	has	to	do	is	to	examine	the	X	-	coordinate	and	decide	what	formula	to	use.	It	is	
simple	enough	to	make	a	function	that	returns	the	LED	number	given	the	X	&	Y	values.	
int getLEDpos(int x, int y){ // for a serpentine raster 
   int pos; 
   if(x & 0x1) { // is X odd 
      pos = x * yMax + (yMax -1 - y) ; 
   } else { // x is even 
      pos = x * yMax + y; 
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   }  
   return pos; 
} 

Where	yMax	is	the	number	of	LEDs	in	a	column.	

Computer assisted animations 
The	 problem	 about	 defining	 patterns	 on	 either	 sort	 of	 raster	 can	 be	 greatly	 assisted	 by	
software.	 I	 have	 written	 a	 Processing	 program	 that	 will	 cope	 with	 a	 raster	 of	 any	
dimensions	up	to	a	maximum	of	256	LEDs.	number	of	LEDs	in	a	column.	

 

This	is	set	up	for	a	20	by	12	matrix.	Along	the	bottom	are	controls	to	advance	/	retard	the	
displayed	 frame	along	with	 the	 frame	number.	Also	are	 the	buttons	 to	 select	 the	 colour	/	
intensity	 of	 the	 LED.	 In	 this	 screen	 red	 at	 full	 intensity	 has	 been	 selected,	 shown	 by	 an	
outline	in	white.	Clicking	on	an	unlit	LED	or	an	LED	of	a	colour	different	to	the	one	selected	
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will	replace	it	with	the	selected	colour.	Clicking	on	an	LED	of	the	selected	colour	will	turn	it	
off.		

While	this	window	has	the	input	focus	the	following	keyboard	commands	will	perform	the	
associated	actions.	

Key	 Action	

l	 L	 Load	points	from	a	.ws	file	

s	 S	 Save	points	to	a	.ws	file	

e	 	 Export	points	as	a	delta	encoded	serpentine	raster	.h	file	

	 E	 Export	points	as	a	delta	encoded	linear	raster	.h	file	

.	 >	 Shift	right	-	pointer	to	arrow	-	next	click	shifts	all	row	one	place	to	the	right	

,	 <	 Shift	left	-	pointer	to	arrow	-	next	click	shifts	all	row	one	place	to	the	left	

u	 U	 Shift	up	-	pointer	to	arrow	-	next	click	shifts	all	column	one	place	up	

d	 D	 Shift	down	-	pointer	to	arrow	-	next	click	shifts	all	column	one	place	up	

sp	 	 Space	bar	-	wipes	current	frame	

	 W	 Wipes	all	frames	in	an	animation	

c	 C	 Copies	previous	frame	to	the	current	frame	

i	 I	 Calculates	the	electric	current	the	displayed	frame	will	draw	

m	 M	 Mark	 the	current	 frame	as	 the	 last	one	 in	 the	animation.	Any	 frame	advance	
beyond	 this	 will	 move	 the	 marked	 end	 frame	 to	 the	 largest	 frame	 number	
visited.	

The .ws file format 
Saving	points	as	a	.ws	format	file	allows	all	frames	up	to	the	one	marked	as	the	last	frame	to	
be	saved	and	later	reloaded.	This	is	actually	a	text	file	and	looks	like	this:-	
18 
20 
12 
240 
000000 
FF0000 
000000 
FFFF00 
000000 

It	describes	all	the	LEDs	individually	in	all	the	frames.	
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It	consists	of	a	four	byte	decimal	header	followed	by	a	sequence	of	24	bit	hex	numbers.	The	
header	consists	of	the	following	information:-	

	

n	 Example	 Meaning	

0	 18	 Number	of	frames	

1	 20	 Number	of	LEDs	in	the	X	direction	

2	 12	 Number	of	LEDs	in	the	Y	direction	

3	 240	 Total	number	of	LEDs	

	

The	numbers	describing	the	LED	intensities	are	in	the	format	RRGGBB.	

The .h file format 
The	.h	files	are	designed	to	be	included	in	an	Arduino	sketch	in	an	extra	tab	created	by	the	
Arduino's	IDE	menu	Sketch	->	Add	File	...	It	contains	the	information	the	compiler	needs	to	
include	the	delta	encoded	frame	information	into	the	Arduino's	program	memory.	
// Pattern for 240 LEDs organised as a 20 by 12 array  in a serpentine raster 
const PROGMEM byte cross[] = { 0x05, 
0x66,0xFF,0x00,0x00,   0x64,0xFF,0xFF,0x00,   0x72,0xFF,0x00,0x00,   0x7E,0xFF,0xFF,0x00,  
0x7C,0xFF,0x00,0x00, 0x04, 
0x58,0xFF,0x00,0x00,   0x5C,0xFF,0xFF,0x00,   0x88,0xFF,0xFF,0x00,   0x8C,0xFF,0x00,0x00,  
0x04, 
0x50,0xFF,0x00,0x00,   0x4A,0xFF,0xFF,0x00,   0x98,0xFF,0xFF,0x00,   0x92,0xFF,0x00,0x00,  
0x00, 0x00} 
// Maximum current is 2.86 Amps 

The	first	byte	is	how	many	LEDs	are	going	to	be	defined	as	a	four	byte	sequence.	Then	each	
four	bytes	define	 the	 :-	 LED	number,	Red	value,	Green	value,	&	Blue	value.	Then	 the	next	
frame	length	is	defined.	If	this	frame	length	is	zero,	followed	by	a	zero	then	this	is	the	end	of	
the	whole	sequence.	If	it	is	a	zero	followed	by	a	one	then	there	are	no	changes	in	that	frame	
and	in	effect	there	is	a	pause	in	the	animation.	The	file	has	a	comment	at	the	start	describing	
the	 organisation,	 and	 a	 comment	 at	 the	 end	 describing	 the	 maximum	 current	 the	 most	
intense	frame	consumes.	Note	the	above	example	is	a	shortened	extract	of	a	real	file,	hence	
the	2.86	Amps	maximum	frame	is	not	shown	here.	
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Customising the program 
It	is	very	easy	to	customise	the	program	to	accommodate	any	size	of	raster	by	altering	a	few	
variables	 at	 the	 start	 of	 the	 program.	 You	 should	 keep	 customised	 versions	 of	 the	 code	
under	different	names.			

Display scope 
The	lines:-	
int maxLEDs = 240; // absolute maximum 256 - due to byte storage for LED number 
int maxFrames = 20; 

Define	the	size	of	storage.	Note	that	the	maximum	number	of	LEDs	here	is	256	and	is	caused	
by	the	single	byte	LED	position	for	the	delta	encoding.	This	could	be	changed	to	an	int	type	
but	 it	 would	 have	 a	 knock	 on	 effect	 on	 the	 code	 needed	 in	 the	 Arduino	 to	 transfer	 the	
pattern	to	the	LED	strip.	The	maximum	number	of	frames	can	be	changed	to	what	ever	you	
have	memory	for,	which	should	not	be	a	limitation	on	most	computers.	

Raster size 

The	aspect	ratio	of	the	raster	can	be	changed	in	these	lines:-	
int xLim = 20; // number of LEDs in X direction 
int yLim = 12; // number of LEDs in y direction - these two must match maximum number of LEDs 

The	multiple	of	these	two	must	equal	the	LED	size.	

Display size 
The	size	of	the	working	area	on	the	display	is	controlled	by	the	line	
int s = 24; //size of LED spacing determines window size - make a multiple of 4 

Not	all	aspects	of	the	display	are	scaled	so	taking	this	variable	to	extremes	might	result	in	a	
hard	to	drive	display.	

Depiction of colour 
The	 LEDs	 have	 a	 much	 wider	 dynamic	 range	 of	 brightness	 than	 can	 be	 displayed	 on	 a	
computer	screen.	Therefore	the	numbers	stored	and	displayed	in	the	program	are	not	the	
ones	actually	finally	exported	to	the	.h	files.	The	variable	defined	in	the	line:-	
int dExtent = 26; // controls the on screen brightness of the LEDs 

Controls	what	gets	displayed	on	screen.	The	actual	colour	value	of	the	LED	is	in	steps	of	half	
the	full	value.	Therefore	the	full	range	of	LED	intensity	range	from	0xFF	full	on	to	0x03	as	
the	minimum	on	value	with	0x00	being	sent	for	off.	
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Limitations on shift 

The	shift	 functions	on	the	display	frames	do	not	work	on	the	first	element	 in	the	frame.	 If	
these	need	moving	then	this	must	be	done	manually	by	clicking	the	appropriate	LEDs.	

Using a single string 
While	 this	program	 is	optimised	 for	a	 raster	matrix	 it	 can	be	used	on	a	single	LED	string.	
Simply	set	the	X	by	Y	parameters	appropriately	and	export	as	a	linear	raster.	The	working	
area	can	then	be	treated	as	a	single	strip,	folded	to	get	it	on	the	screen.	

Arduino Code 
The	 .h	 files	 are	 incorporated	 into	 Arduino	 code	 and	 driven	 as	 per	 the	 example	 that	
accompanies	 this	 document.	 This	 shows	 two	 patterns	 being	 driven	 off	 two	 different	 data	
pins	to	two	separate	WS2812b	LED	strips.	One	is	a	short	strip,	just	6	LEDs	in	length	and	the	
other	is	a	large	240	LED	display	configured	as	a	20	X	12	serpentine	matrix.	

The	code	is	written	as	a	state	machine	where	each	pattern	is	updated	at	its	own	refresh	rate.	
This	leaves	time	in	the	loop	function	for	other	things	like	looking	at	input	pins	to	change	the	
patterns	if	required.	 	There	are	two	instances	of	the	AdaFruit_Neopixel	class	created,	one	
for	each	strip.	This	uses	the	mapping	for	surface	mount	LEDs,	if	you	use	through	hole	LEDs	
change	the	NEO_GRB	to	NEO_RGB	or	NEO_RGBW.	Each	pattern	is	handled	by	the	same	code	
function,	with	 just	 the	 class	 instant,	 the	 pattern	 number	 and	 the	 address	 of	 the	 program	
memory	where	the	pattern	is	defined	passed	to	it.	The	pattern	number	is	used	to	access	the	
array	 variables	 that	 are	 unique	 for	 that	 pattern.	 These	 are	 the	 patternInterval	 which	
defines	the	time	in	milliseconds	each	pattern	is	displayed	for,	the	lastUpdatesystem	clock	
time	and	the	patPointer	which	holds	where	in	the	pattern	the	next	update	comes	from.	

The	updatePattern	function	handles	the	current	position	in	the	pattern	and	detects	when	
the	pattern	has	finished.	This	calls	the	updateFrame	function	which	accesses	the	program	
memory	 to	 see	 how	many	 LEDs	 need	 updating	 and	 if	 this	 is	 a	 non	 zero	 number	 it	 then	
changes	the	contents	of	the	LED	buffer	according	to	the	data	stored	in	the	program	memory.	
The	 time	 for	 the	 next	 update	 is	 set	 by	 changing	 the	 lastUpdate	 variable	 (for	 the	 pattern	
being	produced)	 to	 the	current	system	clock.	 If	 the	end	of	 the	pattern	was	reached	this	 is	
not	updated	so	that	the	first	frame	of	the	pattern	is	set	up	immediately	on	exit.	

A	 second	piece	of	 example	 code	 is	 also	 supplied	which	adds	 the	 function	of	being	able	 to	
change	the	pattern	on	the	small	strip	in	response	to	a	number	of	button	pushes.	The	pattern	
itself	 moves	 the	 same	 in	 this	 example	 but	 it	 need	 not	 do	 so,	 however	 the	 colour	 of	 the	
display	 is	 changed.	 The	 first	 part	 of	 the	 loop	 function	 is	 used	 to	 see	 if	 there	 has	 been	 a	
button	press	and	if	there	has	to	then	set	up	the	next	numbered	pattern,	wipe	the	LED	buffer	
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and	 reset	 the	 pattern	 pointer	 to	 the	 start.	 You	 could	 also	 have	 different	 update	 intervals	
(pattern	speeds)	if	you	want	by	changing	the	patternInterval	variable.	


