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Ã©Â	1996-2014,	Amazon.com,	Inc.	or	its	affiliates	Photo	Courtesy:	Adobe	Stock	Gaming	isn¢ÃÂÂt	just	for	specialized	consoles	and	systems	anymore	now	that	you	can	play	your	favorite	video	games	on	your	laptop	or	tablet.	However,	finding	the	right	PC	gaming	controller	can	take	your	games	to	the	next	level	for	an	experience	you¢ÃÂÂll	enjoy	over
and	over.	There	are	so	many	different	types	of	PC	game	controllers	that	it	can	be	tough	to	find	the	right	one.	Luckily,	gamers	just	like	you	have	rated	and	reviewed	controllers,	and	here	are	their	favorite	options.	MORE	FROM	CONSUMERSEARCH.COM	Alternative	representations	of	the	RGB	color	model	Fig.	1.	HSL	(a¢ÃÂÂd)	and	HSV	(e¢ÃÂÂh).
Above	(a,	e):	cut-away	3D	models	of	each.	Below:	two-dimensional	plots	showing	two	of	a	model¢ÃÂÂs	three	parameters	at	once,	holding	the	other	constant:	cylindrical	shells	(b,	f)	of	constant	saturation,	in	this	case	the	outside	surface	of	each	cylinder;	horizontal	cross-sections	(c,	g)	of	constant	HSL	lightness	or	HSV	value,	in	this	case	the	slices
halfway	down	each	cylinder;	and	rectangular	vertical	cross-sections	(d,	h)	of	constant	hue,	in	this	case	of	hues	0Ã°Â	red	and	its	complement	180Ã°Â	cyan.	HSL	(for	hue,	saturation,	lightness)	and	HSV	(for	hue,	saturation,	value;	also	known	as	HSB,	for	hue,	saturation,	brightness)	are	alternative	representations	of	the	RGB	color	model,	designed	in	the
1970s	by	computer	graphics	researchers	to	more	closely	align	with	the	way	human	vision	perceives	color-making	attributes.	In	these	models,	colors	of	each	hue	are	arranged	in	a	radial	slice,	around	a	central	axis	of	neutral	colors	which	ranges	from	black	at	the	bottom	to	white	at	the	top.	The	HSL	representation	models	the	way	different	paints	mix
together	to	create	color	in	the	real	world,	with	the	lightness	dimension	resembling	the	varying	amounts	of	black	or	white	paint	in	the	mixture	(e.g.	to	create	"light	red",	a	red	pigment	can	be	mixed	with	white	paint;	this	white	.1	rolav	mªÃt	sele	VSH	me	otnauqne	,LSH	me	5.0	azevel	mªÃt	sadarutas	seroc	satsE	.1	o£Ã§Ãarutas	moc	ordnilic	od	anretxe
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.o£Ã§Ãarutas	a	zuder	ahnizos	edadilanot	a	,VSH	oN	.1	euq	ronem	o£Ã§Ãarutas	ret	-	snot	sodamahc	-	ocnarb	e	oterp	moc	sarutsim	sanepa	e	,ocnarb	moc	rignit	oa	adaretlani	ecenamrep	m©Ãbmat	o£Ã§Ãarutas	a	,LSH	aN	.adaretlani	o£Ã§Ãarutas	a	axied-snot	sodamahc	sO	Motivation	See	also:	Color	theory,	RGB	RGBModel	and	color	space	RGB	The	HSL
color	space	was	invented	for	television	in	1938	by	Georges	Valensi	as	a	method	for	adding	color	coding	to	the	existing	monochrome	(i.e.,	it	contains	only	the	L	signal),	allowing	existing	receivers	to	receive	new	color	transmissions	(in	black	and	white)	without	modification	as	the	luminance	signal	(black	and	white)	is	transmitted	unmodified.	It	was	used
in	all	major	analog	broadcast	television	encodings,	including	NTSC,	PAL	and	Secam	and	all	major	digital	transmission	systems	and	is	the	basis	for	composite	video.	[4]	[5]	Fig.	4.	Mixed	long-colored	paintrs	combining	relatively	bright	pigments	with	black	and	white.	The	mixtures	with	white	are	called	tonality,	mixes	with	black	are	called	tones	and
blends	with	both	are	called	tones.	See	shades	and	tones.	[6]	Fig.	5.	This	1916	color	model	of	the	German	chemist	Wilhelm	Ostwald	exemplifies	the	approach	"mixes	with	white	and	black",	organizing	24	"pure"	colors	in	a	circle	of	shades	and	colors	of	each	tonality	in	a	triangle.	The	model	takes	the	form	of	a	bicone.	[7]	[8]	Fig.	6a.	The	RGB	range	can	be
arranged	in	a	cube.	6b.	The	same	image,	with	a	part	removed	for	clarity.	Fig.	7.	Tektronix's	graphics	terminals	used	the	earliest	commercial	implementation	of	HSL	in	1979.	This	diagram,	of	a	patent	filed	in	1983,	shows	the	geometry	of	the	bicone	underlying	the	model.	[9]	Most	televisions,	computer	displays	and	projectors	produce	colors,	combining
red,	green	and	blue	light	in	varying	intensities-the	so-called	additive	primary	colors	RGB.	The	resulting	mixtures	in	the	RGB	color	space	can	reproduce	a	wide	variety	of	colors	(called	gamma);	However,	the	relationship	between	the	constituent	quantities	of	red,	green	and	blue	light	and	the	resulting	color	is	inintiva,	especially	for	inexperienced	users,
and	for	o£Ãn	o£Ãn	m©Ãbmat	,ossid	m©ÃlA	.)4	.	GIF(	giF(	snot	e	sedadilanot	me	esab	moc	sianoicidart	satsitra	ed	soledom	uo	satnit	ed	savitartbus	seroc	ed	arutsim	a	moc	sodazirailimaf	Neither	the	subtractive	color	models	define	color	relationships	in	the	same	way	as	the	human	eye.	[C]	For	example,	imagine	that	we	have	a	RGB	screen	whose	color
is	controlled	by	Train	Sliding	Controls	ranging	from	0	âferences,	one	controlling	the	intensity	of	each	of	the	reds,	green	and	blue.	If	we	start	with	a	relatively	colorful	orange	Â	¢	â	€	æ,	with	the	values	of	SRGB	r	=	217,	g	=	118,	b	=	33,	and	we	want	to	reduce	its	color	in	half	to	a	less	saturated	orange	ourne	¬	æ	’,	we	had	to	drag	the	sliding	controls	to
decrease	R	by	31,	increase	g	by	24	and	increase	B	by	59,	as	shown	below.	In	an	attempt	to	accommodate	more	traditional	and	intuitive	color	mixing	models,	pioneers	in	Great	Computers	in	PARC	and	NYIT	introduced	the	HSV	model	for	computers	display	technology	in	the	middle	of	the	midfielder	1970,	formally	described	by	Alvy	Ray	Smith	[13]	in
August	1978	August	1978.	In	the	same	question,	Joblove	and	Greenberg	[14]	described	the	HSL	model	-	whose	dimensions	they	labeled	Hue,	Relative	Chroma	and	Intensity	-	and	compared	it	to	HSV	(Fig.	1).	Its	model	was	more	based	on	how	colors	are	organized	and	conceptualized	in	human	vision	in	terms	of	other	color	attributes	of	color	such	as
hue,	lightness	and	chroma;	As	well	as	all	traditional	color	mixing	-	for	example,	painting	-	which	involve	mixing	colorful	pigments	with	black	or	white	for	lighter,	darker	or	less	colorful	colors.	The	following	year,	1979,	at	SIGGRAPH,	Tektronix	introduced	grain	terminals	using	HSL	for	color	designation,	and	the	Committee	of	Great	Computer	Standards
recommended	it	in	its	annual	status	report	(Fig.	7)	.	These	models	were	only	not	only	because	they	were	more	intuitive	than	the	gross	RGB	values,	but	also	because	the	conversations	of	and	for	RGB	were	extremely	stuffed	to	calculate:	they	could	work	in	real	in	the	hardware	of	the	1970s.	Consequently,	these	models	and	similar	ones	have	become
ubiquitous	over	image	editing	and	graphic	software	since	then.	then.of	their	uses	are	described	below.	[15]	[16]	[17]	[18]	Fig.	8.	The	geometric	derivation	of	the	cylindrical	representations	of	HSL	and	HSV	of	a	"Colorcube"	RGB.	Visualized	geometric	derivative	of	the	cylindrical	representation	of	HSV	of	a	"Colorcube"	RGB.	Visualized	geometric
derivative	of	the	cylindrical	representation	of	HSL	of	a	"colorcube"	RGB.	Color	Manufacturing	Attributes	See	also:	Color	view	The	dimensions	of	HSL	and	HSV-simple	RGB	model	transformations	not	based	on	the	moment	are	not	directly	related	to	the	photometric	attributes	of	creating	colors	of	the	same	names,	as	defined	by	scientists	such	as	CIE	or
ASTM.	However,	it	is	worth	reviewing	these	settings	before	jumping	into	the	derivation	of	our	models.	[D]	For	the	following	color-making	attribute	definitions,	see:	[19]	[20]	[21]	[22]	[23]	[24	]	Hue,	the	"attributing	to	a	visual	sensation,	according	to	which	an	area	appears	to	be	similar	to	one	of	the	perceived	colors:	red,	yellow,	green	and	blue,	or	a
combination	of	two	of	them".	[19]	Radiance	(Le,	©)	The	radiant	power	of	light	passing	through	a	specific	surface	per	solid	angle	unit	per	designed	area	unit,	measured	in	units	It	is	in	watt	by	stethradian	per	square	meter	(wâ	·	Srâ'1	·	mâ'2)	.	Luminance	(Y	or	LV,	©)	The	brightness	weighted	by	the	effect	of	each	wavelength	on	a	typical	human
observer,	measured	in	units	It	is	in	candela	by	square	meter	(CD/M2).	Often,	the	term	luminance	is	used	for	the	relative	luminance,	y/yn,	where	YN	is	the	luminance	of	the	reference	white	point.	Luma	(y')	the	weighted	sum	of	values	corrected	by	range,	€2	and	€2	values,	and	used	in	y'	2cbcr,	for	JPEG	compression	and	video	transmission.	I	shine	(or
value)	the	"attribute	of	a	visual	sensation	according	to	which	an	area	seems	to	emit	more	or	less	light".	[19]	Light	the	"brightness	in	relation	to	the	brightness	of	a	white	illuminated	equally".	[19]the	"attribute	of	a	visual	lookemas	eht	sah	rollerc	a	fo	euh	eht	,si	taht	eht	ni	,)8791(	grebneerG	dna	evolbo	J	retfa,amorhc	llac	lliw	elcitra	siht	tahw	dna	euh
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the	designed	point,	originally	measured	in	the	range	[0,	1]	but	now	typically	measured	in	degrees	[0°,	360°].	For	the	points	that	project	on	the	origin	in	the	chromaticity	plane	(i.e.	ash),	the	tonality	is	indefinite.	Mathematically,	this	definition	of	tonality	is	written	in	a	broad	sense:[I]	H	′	=	{	u	n	d	and	f	i	n	and	d	,	if	C	=	0	G	−	B	mod	6	,	if	M	=	R	B	−	R	C
+	2	,	if	M	=	G	R	−	G	C	+	4	,	if	M	=	B{\text	B}	H'={\begin{cases}\mathrm	{undefinida}	H	=	60.	×	H	′	{\displaystyle	H=60^{\circ	}\times	H'}	Sometimes	neutral	colors	(i.e.	with	C	=	0)	are	assigned	a	0°	tonality	for	convenience	of	representation.	Fig.	10.	The	tone	and	chroma	settings	in	HSL	and	HSV	have	the	effect	of	folding	hexagons	in	circles.
These	definitions	are	equivalent	to	a	geometric	deformation	of	hexagons	in	circles:	each	side	of	the	hexagon	is	linearly	mapped	into	a	60°	arc	of	the	circle	(fig	10).	After	such	transformation,	the	tonality	is	precisely	the	angle	around	the	origin	and	chrome	the	distance	of	the	origin:	the	angle	and	magnitude	of	the	vector	pointing	to	a	color.	Fig.	11.
Build	α	and	β	rectangular	chromaticity	coordinates,	and	then	turn	them	into	H2	tones	and	chroma	C2	produces	slightly	different	values	than	computing	hexagonal	tones	H	and	chroma	C:	compare	the	numbers	in	this	diagram	with	the	previous	ones	in	this	section.	Sometimes,	for	image	analysis	applications,	this	hexagon-circle	transformation	is
ignored,	and	the	tone	and	chroma	(we	will	denote	these	H2	and	C2)	are	defined	by	the	usual	transformations	of	Cartesian-polar	coordinates	(fig.	11).	The	easiest	way	to	get	these	coordinates	is	through	a	pair	of	Cartesian	chromatic	coordinates	that	we	will	call	α	and	β:[25][26][27]	α	=	R	−	G	⋅	cos		(	60	)	−	B	⋅	cos		(	60	)	)	=	1	2	(	2	R	−	G	−	B	)
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constrained	{\	displaystyle	s_	{v}	=	{\	begin	{cases}	0,	&	{\	text	{if}}	v	=	0	\\	{\	frac	{c	}	{v}},	&	{\	text	{if	constrained}}	\	end	{cases}}}	s	L	=	{0,	if	1	=	1	Od	=	0	C	1	'|	2	L	'1	|	,	if	constrained,	{\	displaystyle	s_	{l}	=	{\	begin	{cases}	0,	&	{\	text	{if}}	l	=	1	{\	text	{or}}	l	=	0	\\	{c	{c	}	{1-	|	2l-1	|}},	&	{\	text	{if	constrained}}	\	end	{cases}}}	Fig.
15A-B.	In	HSI,	saturation,	shown	in	the	right	slice,	is	approximately	the	chroma	in	relation	to	lightness.	Also	common	a	model	with	dimensions	i,	h2,	c2,	shown	in	the	left	slice.	Note	that	the	tone	in	these	slices	is	the	same	as	the	tone	above,	but	there	is	a	little	h2.	The	HSI	model	commonly	used	for	computational	vision,	which	carries	H2	as	a	dimension
of	the	tone	and	the	day	of	component	I	("intensity")	as	a	dimension	of	lightness,	does	not	try	to	"fill	in	"A	cylinder	for	its	definition	of	saturation.	Instead	of	presenting	interfaces	of	color	choice	or	modification	to	final	uses,	the	purpose	of	HSI	is	to	facilitate	the	separation	of	shapes	in	an	image.	Saturation	is	therefore	defined	according	to	the	psychic
definition:	chroma	in	relation	to	lightness	(Fig.	15).	See	the	use	in	the	image	of	the	image	of	this	article.	[31]	S	i	=	{0,	if	i	=	0	1	'm	i,	if	contrary	{\	displaystyle	s_	{i}	=	{\	begin	{cases}	0,	&	{\	text	{if}}	i	=	0	\\	1-{\	frac	{m}	{i}},	&	{\	text	{if	constrained}}	\	end	{cases}}}}}}}}}}}}}}}}}}}}}}}}}	to	some	confusion,	as	the	trees	attributes	describe
substantially	different	color	relations;	In	HSV	and	HSI,	the	term	corresponds	to	approximately	the	psychic	definition	of	a	chroma	of	a	color	in	relation	to	its	lightness,	but	in	HSL	it	does	not	come	close.	Worse	yet,	the	saturation	of	the	word	is	also	often	used	for	one	of	the	medias	we	call	chroma	above	(C	or	C2).	Examples	all	values	of	shown	below	are
given	as	percentages	(interval	[0,	1]	scaled	by	a	factor	100),	except	those	for	H	and	H2	H2in	the	interval	[0i	°,	360	°).	9.8	%,	4.7	%,	4.7	%,	4.7	%,	4.8	%,	4.7	%,	4.7	%,	4.7	%,	4.7	%,	4.7	%,	4.7	%,	5.7	%,	6.7	%,	6.7	%,	6.7	%,	6.7	%,	6.7	%,	7	%.	See	also	M:	Color	Picker	and	Image	Edit	Fig	16aâ	€	“g.	In	the	1990s,	the	HSL	and	HSV	colors	selection	tools
were	omnipresent.	The	screenshot	above	are	taken	from:	Â	·	(a)	SGI	IRIX	5,	c.	1995;	Â	·	(b)	Adobe	Photoshop,	c.	nineteen	ninety;	Â	·	(C)	IBM	OS/2	WARP	3,	c.	1994;	Â	·	(D)	Apple	Macintosh	System	7,	c.	1996;	Â	·	(E)	FRACTAL	DESIGN	PAINTER,	c.	1993;	Â	·	(F)	Microsoft	Windows	3.1,	c.	(g)	NeXTSTEP,	c.	1995.	These	are	undoubtedly	based	on
previous	examples,	extending	to	PARC	and	NYIT	in	the	mid-1970s.	[L]	The	original	purpose	of	HSL	and	HSV	and	similar	models,	and	its	most	common	current	application,	is	in	color	selection	tools.	In	its	simplest,	some	of	these	color	pickers	provide	three	sliders,	one	for	each	attribute.	Most,	however,	show	a	two-dimensional	slice	through	the	model,
along	with	a	slider	that	certain	slice	is	shown.	The	last	type	of	GUI	displays	a	wide	variety,	because	of	the	choice	of	cylinders,	hexagonal	prisms,	or	cones/bicones	that	the	models	suggest	(see	the	diagram	near	the	top	of	the	page).	Several	color	pickers	from	the	1990s	are	shown	to	the	right,	most	of	which	remained	almost	unchanged	in	the
intervention	time:	today,	almost	all	computer	color	pickers	use	HSL	or	HSV,	at	least	as	an	option.	Some	more	sophisticated	variants	are	designed	to	choose	whole	color	sets,	based	on	their	color	suggestions	compatible	with	HSL	or	HSV	relationships	between	them.	[M]	Most	web	applications	that	need	color	selection	also	base	their	tools	on	HSL	or
HSV,	and	prepackaged	open	source	color	pickers	exist	for	most	major	web	front-end	frameworks.	The	CSS	3	specification	allows	web	authors	to	specify	colors	for	their	pages	directly	with	HSL	coordinates.	[N][32]	HSL	and	HSV	are	sometimes	used	to	define	gradients	for	data	visualization,	such	as	on	maps	or	medical	images.	For	example,	the	popular
GIS	ArcGIS	program	historically	applied	customizable	HSV-based	gradients	to	numerical	geographic	data.[	O]	Fig.	17.	HSV-based	color	modifier.	Fig.	18.	The	tonality/saturation	tool	in	Photoshop	2.5,	ca.	1992.	Image	editing	software	also	includesTo	adjust	colors	with	reference	to	HSL	or	HSV	coordinates,	or	to	coordinate	in	a	model	based	on
"intensity"	or	light	defined	above.	In	particular,	tools	with	a	pair	of	"hue"	and	"saturation"	sliders	are	being	Dated	at	least	at	the	end	of	the	1980s,	but	several	more	complicated	color	tools	were	also	implemented.	For	example,	the	Unix	image	viewer	and	the	XV	color	editor	allowed	six	hue	ranges	to	be	defined	by	the	usual	(H)	to	be	rotated	and	resized,
included	a	similar	control	to	the	SHSV	saturation	dial	and	an	interface	similar	to	curves	to	control	the	value	(v)	¢	â	Â	€	see	the	fig.	17.	Image	Editor	Picture	Window	Pro	includes	a	"color	correction"	tool	that	offers	a	complex	remake	of	points	in	a	hue/saturation	plan	in	relation	to	the	HSL	or	HSV	space	.	[P]	Video	editors	also	use	these	models.	For
example,	AVID	and	Final	CUT	PRO	includes	colorful	HSL	tools	or	similar	geometry	to	use	color	adjustment	in	the	video.	With	the	AVID	tool,	usuals	choose	a	vector	by	clicking	on	a	point	within	the	hue/saturation	of	change	to	change	all	colors	in	some	lightness	(shadows,	mother	tones,	highlights)	by	this	vector	.	Since	4.0,	the	modes	of	mixing
"brightness",	"hue",	"adobe	photoshop"	and	"color",	"mixing	modes",	using	a	light/chroma/hue	modes,	"and"	color	".	.	These	have	been	widely	copied,	but	imitators	use	HSL	(for	example,	photoimpate,	Paint	Shop	Pro)	or	HSV	geometries.	Related	models	are	often	used	to	computational	viewing	and	image	dwarf	for	resource	detection	or	image
segmentation.	The	application	of	such	tools	include	object	detection,	for	example,	in	robã´	Vision;	Object	recognition,	for	example	of	faces,	text	or	plates;	Image	recovery	based	on	containing;	and	dwarf	of	images	mom	©	Tips.	[31]	Most	of	the	time,	the	computational	vision	algorithms	used	â	€	ught	in	color	images	are	direct	extensions	for	algorithms
designed	for	gray	scale	images,	for	example,	k-means	or	diffuse	grouping	of	of	pixels	or	detection	of	edges.	In	the	simplest,	each	color	component	is	passed	separately	by	the	same	algorithm.	It	is	important,	therefore,	that	the	Of	interest	can	be	distinguished	in	the	dimensions	of	used	colors.	As	the	R,	G	and	B	components	of	the	color	of	an	object	in	a
digital	image	are	all	correlated	with	the	amount	of	light	that	reach	the	object	and,	therefore,	among	themselves,	the	image	descriptions	in	terms	of	these	components	hinder	the	discrimination	of	the	object.	Descriptions	in	terms	of	hue/light/chrome	or	hue/light/saturation	are	often	more	relevant.	[31]	As	of	the	late	1970s,	transformations	such	as	HSV
or	HSI	were	used	as	a	compromise	between	the	effectiveness	of	segmentation	and	computational	complexity.	They	can	be	considered	as	an	approach	and	intent	similar	to	the	neural	processing	used	by	the	human	color	vision,	without	agreeing	in	detail:	if	the	goal	is	the	detection	of	objects,	separating	approximately	the	tonality,	lightness	and	chroma
or	saturation	is	effective,	but	there	is	no	particular	reason	to	strictly	imitate	the	human	color	response.	John	Kender's	master	thesis	in	1976	proposed	the	HSI	model.	Ohta	et	al.	(1980)	used	a	model	composed	of	dimensions	similar	to	those	we	call	I,	±	and	î.	In	recent	years,	these	models	have	continued	to	see	broad	use,	as	their	performance	is
favorably	compared	to	more	complex	models,	and	their	computational	simplicity	remains	convincing.	[S]	[31]	[39]	[40]	[41]	Disadvantages	Fig	20A.	The	SRGB	range	mapped	in	Cielab	space.	Note	that	the	lines	pointing	to	the	red,	green	and	blue	primary	are	not	equally	spaced	by	the	hue	angle	and	are	of	uneven	length.	The	primary	also	have	different
values	L	*.fig	20b.	Adobe	RGB	Gamut	mapped	in	Cielab	space.	Also	note	that	these	two	RGB	spaces	have	different	gamma	and	therefore	will	have	different	HSL	and	HSV	representations.	While	HSL,	HSV	and	related	spaces	serve	well	enough	to,	for	example,	choose	a	single	color,	they	ignore	much	of	the	complexity	of	color	appearance.They	negotiate
perceptual	relevance	for	the	speed	of	computing,	of	a	time	in	the	history	of	computing	graphics	workstations,	or	mid-1990s	consumer	desktops)	when	more	sophisticated	models	would	have	been	too	computationally	expensive.[T]	HSL	and	HSV	are	simple	transformations	of	RGB	which	preserve	symmetries	in	the	RGB	cube	unrelated	to	human
perception,	such	that	its	R,	G,	and	B	corners	are	equidistant	from	the	neutral	axis,	and	equally	spaced	around	it.	If	we	plot	the	RGB	gamut	in	a	more	perceptually-uniform	space,	such	as	CIELAB	(see	below),	it	becomes	immediately	clear	that	the	red,	green,	and	blue	primaries	do	not	have	the	same	lightness	or	chroma,	or	evenly	spaced	hues.
Furthermore,	different	RGB	displays	use	different	primaries,	and	so	have	different	gamuts.	Because	HSL	and	HSV	are	defined	purely	with	reference	to	some	RGB	space,	they	are	not	absolute	color	spaces:	to	specify	a	color	precisely	requires	reporting	not	only	HSL	or	HSV	values,	but	also	the	characteristics	of	the	RGB	space	they	are	based	on,
including	the	gamma	correction	in	use.	If	we	take	an	image	and	extract	the	hue,	saturation,	and	lightness	or	value	components,	and	then	compare	these	to	the	components	of	the	same	name	as	defined	by	color	scientists,	we	can	quickly	see	the	difference,	perceptually.	For	example,	examine	the	following	images	of	a	fire	breather	(fig.	13).	The	original
is	in	the	sRGB	colorspace.	CIELAB	L*	is	a	CIE-defined	achromatic	lightness	quantity	(dependent	solely	on	the	perceptually	achromatic	luminance	Y,	but	not	the	mixed-chromatic	components	X	or	Z,	of	the	CIEXYZ	colorspace	from	which	the	sRGB	colorspace	itself	is	derived),	and	it	is	plain	that	this	appears	similar	in	perceptual	lightness	to	the	original
color	image.	Luma	is	roughly	similar,	but	differs	somewhat	at	high	chroma,	where	it	deviates	most	from	depending	solely	on	the	true	achromatic	luminance	(Y,	or	equivalently	L*)	and	is	influenced	by	the	colorimetric	chromaticity	(x,y,	or	equivalently,	a*,b*	of	CIELAB).	HSL	L	and	HSV	V,	by	contrast,	diverge	substantially	perceptual	lightness.	Fig.
13th.	Color	photography	(SRGB	color	space).	Fig.	13b.	CIELAB	L*	(later	transformed	into	sRGB	for	consistent	display).	Fig.	13c.	Rec.	601	luma	Y.	Fig.	13d.	Average	components:	"intensity"	I.Fig.	13e.	HSV	value	V.Fig.	13f.	HSL	L	lighting.	Although	none	of	the	dimensions	in	these	spaces	correspond	to	their	perceptual	analogs,	HSV	value	and	HSL
saturation	are	particularly	infringing.	In	HSV,	the	primary	and	white	blue	are	kept	to	have	the	same	value,	even	if	perceptibly	the	primary	blue	has	somewhere	about	10%	of	the	white	luminance	(the	exact	fraction	depends	on	the	primary	RGB	in	particular	use).	In	HSL,	a	mixture	of	100%	red,	100%	green,	90%	blue	—	that	is,	a	very	light	yellow	—	is
performed	to	have	the	same	saturation	as	the	green	primary,	although	the	previous	color	has	almost	no	chroma	or	saturation	by	conventional	psychometric	definitions.	Such	perversities	led	Cynthia	Brewer,	a	specialist	in	color	scheme	choices	for	maps	and	information	displays,	to	tell	the	American	Statistics	Association:	Computer	science	offers	some
poorer	cousins	to	these	perceptive	spaces	that	can	also	appear	in	their	software	interface	such	as	HSV	and	HLS.	These	are	easy	mathematical	transformations	of	RGB,	and	they	seem	to	be	perceptive	systems	because	they	use	the	terminology	of	tonality/light/value-saturation.	But	look,	don't	be	fooled.	The	dimensions	of	the	perceptual	color	are	poorly
sized	by	the	color	specifications	that	are	provided	in	these	and	some	other	systems.	For	example,	saturation	and	lightness	are	confused,	so	that	a	saturation	scale	can	also	contain	a	wide	range	of	lightness	(e.g.,	it	can	progress	from	white	to	green,	which	is	a	combination	of	lightness	and	saturation).	Similarly,	tonality	and	lightness	are	confused	so
that,	for	example,	a	saturated	yellow	and	saturated	blue	can	be	designated	as	the	o£Ã§Ãpecrep	o£Ã§Ãpecrep	an	sa§Ãnerefid	salpma	met	sam	,"zul"	These	flaws	make	it	difficult	to	use	systems	to	control	the	appearance	of	a	color	scheme	in	a	systematically	manner.	If	much	adjustment	is	required	to	reach	the	desired	effect,	the	system	offers	little
beneficial	on	the	fight	with	gross	specifics	in	the	RGB	or	CMY.	[42]	If	these	problems	make	HSL	and	HSV	problematic	for	choosing	color	or	color	schemes,	they	make	them	much	worse	for	image	adjustment.	HSL	and	HSV,	as	Brewer	mentioned,	confuse	the	attributes	of	perceptual	colors	creation,	so	that	the	alteration	of	any	dimension	results	in
uniform	changes	in	the	three	perceptual	dimensions.	and	distorts	all	color	relations	in	the	image.	For	example,	rotate	the	shade	of	a	pure	dark	blue	-	towards	green	-	also	reduce	your	perceived	chroma	and	increase	your	perceived	lightness	(the	last	one	is	gray	and	lighter),	but	the	same	Matiz	Rotation	will	have	the	opposite	impact	on	the	lightness	and
chroma	of	a	lighter-green	blue	(this	last	one	is	more	colorful	and	slightly	darker).	In	the	example	below	(Fig.	21),	the	left	image	is	the	original	photograph	of	a	green	turtle.	In	the	middle	image	(b),	we	rotate	the	hue	(h)	of	each	color	per	¢	†	†	30	°,	maintaining	the	value	of	HSV	and	the	saturation	or	lightness	of	HSL	and	saturation	£	o	constant.	In	the
right	image	(C),	we	do	the	same	rotation	for	the	hsl/hsv	tone	of	each	color,	but	then	we	forced	the	lightness	of	CIELAB	(l*,	a	decent	approximation	of	perceived	lightness)	to	remain	constant.	Note	how	the	environment	of	the	middle	with	a	hue	change	without	this	correction	drastically	alters	the	lightness	relationships	perceived	between	the	colors	of
the	image.	In	particular,	the	turtle	shell	is	much	darker	and	has	less	contrast,	and	the	background	is	much	clearer.	Fig.	21a.	Colorful	photography.fig.	21b.	Hsl/hsv	hue	of	each	color	changed	by	¢	†	†	30	°	.Fig.	21c.	Hue	has	changed,	but	the	lightness	of	Cielab	(l*)	maintained	as	in	the	original.	Because	the	hue	is	a	circular	amount,	mu	mu	moc
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rest	of	the	operation.	Given	a	color	with	tonality	h	>	[0	,	360	â	̃]	{\displayStyle	h	\	in	[0^{\	circ},	360^{\	circ}]},	saturation	s	=	s	l	âeta	[0,	1]	{\displayStyle	s	=	s_	{l}	\	in	[0,1]}	and	lightness	l	â			(a)	(a)	The	above	alternative	formulas	allow	shorter	implementations.	In	the	above	formulas,	the	operation	A	{\displayStyle	a	{\	bmod	{b}}}	also	returns	the
fractional	part	of	the	module,	for	example	7.4	Mod	6	=	1.4	{\displayStyle	7.4	{\	bmod	{6}}	=	1.4}	and	k	â	[0,	12)	{\displayStyle	k	\	in	[0,12)}.	The	base	form	t	(k)	=	t	(n,	h)	=	max	(min	(k	'3,	9'	k,	1)	{\displayStyle	t	(k)	=	t	(n	,	H)	=	\	max	(\	min	(k-3,9-k,	1)}	is	constructed	from	the	following	t_	{1}	=	\	min	(K-3,9-k)}	is	a	km	=	km	Then	by	t	2	=	min	(t	1,
1)	=	min	(k	'3,	9'	k	'k,	1)	{\displayStyle	t_	{2}	=	\	min	(t_	{1},	1)	=	\	min	(K-3,9-K,	1)}	We	change	values	greater	than	1	to	equal	1.	Then	by	t	=	max	(t	2,	â	'1)	{\displayStyle	t	=	\	max	(t_	{2},-	1)}	We	will	change	values	smaller	than	â'1	to	equal	to	â'1.	At	this	point,	we	have	something	similar	to	the	red	form	of	the	FIG.	24	after	a	vertical	flip	(where	the
maximum	is	1	and	theis	−1).	The	functions	of	R,G,B	of	H	{\displaystyle	H}	use	this	transformed	form	as	follows:	modulo-shifted	in	X	{\displaystyle	X}	(by	n	{\displaystyle	n}	)	(differently	for	R,G,B)	scaled	in	Y	{\displaystyle	Y}	(by	−	a	{\displaystyle	-a}	)	and	shifted	into	Y	{\displaystyle	Y}	(by	L	{\displaystyle	L}	).	We	observe	the	following	form
properties	(Fig.	24	can	help	to	get	intuition	about	them):	t	(	n	,	H	)	=	−	t	(	n	+	6	,	H	)	{\displaystyle	t(n	+	8	,	H	)	=	t	(n+6,	H)	min	(	t	(	t)	t	(	n	+	4	,	H	)	,	t	(	n	+	8	,	H	)	,	n	)	This	equation	V	(	1	−	S	)	=	V	−	V	S	{\displaystyle	V(1-S)=V-VS}	shows	origin	of	marked	vertical	axis	values	Given	a	HSV	color	with	hue	H	∈	[0°,	360°],	SV	saturation	∈	[0,	1],	and
value	V	∈	[0,	1],	we	can	use	the	same	strategy.	First,	we	find	chroma:	C	=	V	×	S	V	{\displaystyle	C=V\times	S_{V}}	,	,H^{\prime	}
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