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knows	many	different	styles,	we	can	merge	generations	in	new	ways.	Here	the	model	is	given	the	first	6	notes	of	a	harmless	chopin,	but	it	is	asked	to	generate	a	piece	in	a	pop	style	with	piano,	drums,	bass	and	guitar.	The	model	manages	to	merge	the	two	styles	convincingly,	with	the	complete	band	that	joins	about	30	seconds:	test	Muse	Rete	we	are
excited	to	see	how	musicians	and	non-musclants	will	use	Musnet	to	create	new	compositions!	In	a	simple	modality	(shown	by	default),	you	will	hear	random	unsuccessful	samples	that	we	have	pre-generated.	Choose	a	composer	or	style,	a	optional	start	of	a	famous	piece,	and	start	generating.	This	allows	you	to	explore	the	variety	of	musical	styles	that
the	model	can	create.	In	advanced	modalities	it	is	possible	to	interact	with	the	model	directly.	The	completion	takes	more	time,	but	a	completely	new	piece	is	being	created.	Some	of	Musnet's	limitations	include:	the	tools	you	ask	are	strong	suggestions,	not	requirements.	Musnet	generates	each	note	by	calculating	the	probabilities	through	all	possible
notes	and	tools.	The	model	moves	to	make	the	choices	of	the	most	probable	tools,	but	there	is	always	one	possibility	that	you	choose	something	else.	Muse	Net	has	a	more	difficult	moment	with	odd	combinations	of	styles	and	instruments	(such	as	chopin	with	bass	and	battery).	Generations	will	be	more	natural	if	you	choose	tools	closest	to	the
composer	or	the	usual	band	style.	Composer	and	instrumentation	token	we	created	composer's	token	instrumentation	to	give	more	control	on	the	types	of	samples	that	Musnet	generates.	During	the	training	time,	these	tokens	of	composer	and	instrumentation	were	were	For	each	sample,	therefore	the	model	would	learn	to	use	this	information	to
make	forecasts	on	the	notes.	At	the	time	of	generation,	we	can	therefore	condition	the	model	to	create	samples	in	a	chosen	style	by	starting	with	a	prompt	like	a	piano	rachmaninoff	plan:	or	pushed	with	the	band	of	the	band,	with	piano,	bass,	guitar	and	battery:	we	can	view	the	incorporation	of	Musnet	to	obtain	information	on	Cié	that	the	model	has
learned.	Here	we	use	T-Sne	to	create	a	2-D	map	of	the	similarity	of	the	cosine	of	various	musical	composers	and	style	incorporation.	Pass	the	mouse	on	a	composer	or	a	specific	style	to	see	how	it	connects	to	others.	The	long-term	structure	Musnet	uses	the	kernels	who	have	been	recomposed	and	optimized	of	transformer	scattered	to	train	a	72-layer
network	with	24	attention-full-attention	heads	on	a	context	of	4096	token.	This	long	context	can	be	one	of	the	reasons	why	it	is	able	to	remember	the	long	-term	structure	in	a	piece,	as	in	the	following	sample	by	imitating	Chopin:	it	can	also	create	musical	melodic	structures,	as	in	this	sample	by	imitating	Mozart:	the	musical	generation	is	It	is	a	useful
domain	to	test	the	scattered	transformer	while	located	on	a	middle	ground	between	text	and	images.	It	has	the	fluid	structure	of	the	text	of	the	text	(in	the	images	you	can	look	back	n	token	and	find	the	line	above,	while	in	music	there	is	no	fixed	number	to	look	back	the	previous	measure).	Yet	we	can	easily	feel	if	the	model	is	capturing	a	long	-term
structure	in	the	order	of	hundreds	of	thousands	of	token.	It	is	much	more	obvious	if	a	musical	model	fit	the	structure	by	changing	the	rhythm,	in	a	way	that	is	less	clear	if	a	text	model	makes	a	short	bribe.	Data	sets	We	have	collected	training	data	for	Musnet	from	many	different	sources.	Classicalarchives	and	Bitmidi	have	given	theirs	MIDI	file
collections	for	this	project	and	we	also	found	several	online	collections,	including	jazz,	pop,	African,	Indian	and	Arabs	styles.	In	addition,	we	used	the	master	set	set.	The	transformer	transformer	Training	on	sequential	data:	given	a	series	of	notes,	we	ask	him	to	predict	the	upcoming	note.	We	have	experienced	several	ways	to	codify	MIDI	files	in
tokens	suitable	for	this	task.	First	of	all,	a	careful	approach	that	considered	each	combination	of	notes	playing	at	the	same	time	as	a	single	"agreement"	and	assigned	a	token	to	each	agreement.	Secondly,	we	tried	to	condense	the	musical	models	by	focusing	only	on	the	beginning	of	the	notes	and	we	tried	further	by	compressing	that	using	a	byte	pair
encoding	scheme.	We	also	tried	two	different	methods	of	marking	the	passage	of	time:	or	tokens	that	have	been	resized	according	to	the	time	of	the	piece	(so	that	the	tokens	represented	a	musical	beat	or	a	fraction	of	a	rhythm)	or	tokens	that	marked	absolute	time	in	a	few	seconds.	combine	the	field,	volume	and	tool	information	in	a	single	token.	bach
floor_strings	start	time90	floor:	v72:	floor:	v72:	g2	floor:	v72:	b4	floor:	v72:	d4	violin:	v80:	g4	floor:	v72:	g4	floor:	v72:	b5	floor	:	B5	Wait:	5	floor:	V72:	D5	Wait:	12	floor	G4	Wait:	1	floor:	V72:	G5	Wait:	12	floor:	V0:	G5	Wait:	5	floor:	V72:	D5	Wait:	12	floor:	V0:	D5	Wait:	5	piano	volume	and	instrument.	During	the	training,	we:	we	transpose	notes	by
picking	up	and	lowering	the	shots	(plus	in	the	training,	we	reduce	the	amount	of	transposition	so	that	generations	remain	within	the	individual	ranges	of	the	instrument).	It	increases	volumes,	increasing	or	lowering	the	overall	volumes	of	the	various	samples.	Increase	time	(when	you	use	absolute	time	in	a	second	encoding),	effectively	slowing	down
slightly	or	accelerating	pieces.	Use	the	mixup	on	the	token	that	incorporates	the	space	we	also	create	an	inner	critic:	the	model	is	asked	duringtraining	time	to	predict	whether	a	certain	sample	is	truly	from	the	data	set	or	if	if	is	one	of	the	model's	own	past	generations.	This	score	is	used	to	select	samples	at	generation	time.	Embeddings	We	added
several	different	kinds	of	embeddings	to	give	the	model	more	structural	context.	In	addition	to	the	standard	positional	embeddings,	we	added	a	learned	embedding	that	tracks	the	passage	of	time	in	a	given	sample.	This	way,	all	of	the	notes	that	sound	at	the	same	time	are	given	the	same	timing	embedding.	We	then	add	an	embedding	for	each	note	in
a	chord	(this	mimics	relative	attention,	since	it	will	be	easier	for	the	model	to	learn	that	note	4	needs	to	look	back	at	note	3,	or	else	at	note	4	of	the	previous	chord).	Finally,	we	add	two	structural	embeddings	which	tell	the	model	where	a	given	musical	sample	is	within	the	larger	musical	piece.	One	embedding	divides	the	larger	piece	into	128	parts,
while	the	second	encoding	is	a	countdown	from	127	to	0	as	the	model	approaches	the	(end)	token.	We¢Ã​Â​Âre	excited	to	hear	what	people	create!	If	you	create	a	piece	you	like,	you	can	upload	it	to	a	free	service	like	Instaudio	and	then	tweet	us	the	link	(the	MuseNet	demo	has	a	tweet	button	to	help	with	this).	If	you¢Ã​Â​Âre	interested	in	learning	more
about	OpenAI¢Ã​Â​Âs	music	work,	consider	applying	to	join	our	team.	Please	feel	free	to	email	us	with	suggestions	for	the	MuseNet	demo.	We'd	also	love	to	hear	from	you	if	you're	interested	in	composing	with	MuseNet	in	more	depth,	or	if	you	have	MIDI	files	you'd	like	to	add	to	the	training	set.	MuseNet	played	an	experimental	concert	on	April	25th,
2019,	livestreamed	on	OpenAI¢Ã​Â​Âs	Twitch	channel,	in	which	no	human	(including	us)	had	heard	the	pieces	before.	Arrangement	format:Piano/Voice/GuitarKey:GmInstruments:Piano,	Voice,	GuitarAdditional	InformationView	SampleAlgorithm,	by	Muse,	taken	from	their	eighth	studio	album	'Simulation	Theory'.	Arranged	for	piano	and	voice	with
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,EcNanrevog	Ruoy	,seicilop	ruoy	,stnemucod	ruoy	if	sresu	the	problem	of	readability.	Traditional,	printed	music	uses	the	standard	A4-size	paper,	where	music	players	can	expect	sheet	music	to	have	stave	heights	of	7.5¢Ã​Â​Â8.5	mm	(Nieweg	and	Vaught,	2011).	The	screen-size	of	regular	digital	tablets,	however,	does	not	permit	the	display	of	the	entire
page	while	retaining	the	same	stave	dimensions.	Thus,	musicians	will	either	downscale	the	sheet	such	that	it	fits	within	the	space	available,	or	keep	the	desired	size	while	panning/scrolling	to	see	the	entire	score	(Bell	et	al.,	2005).	The	latter	will	require	the	musician	to	either	pan	the	score	or	incur	more	frequent	page	turns	in	comparison	to	when
using	a	printed	score.	Page	turns	are	annoying,	requiring	the	player	to	momentarily	release	one	hand	from	the	instrument	to	make	the	turn.	In	high-quality	music	books,	editors	typeset	the	music	such	that	the	page	turn	coincides	with	a	natural	pause	in	the	music,	be	it	in	the	form	of	rests	or	notes	of	a	longer	duration	(Laundry,	2011).	However,	this	is
not	always	possible,	and	musicians	develop	their	particular	method	to	overcome	the	annoyance	of	page-turning.	Although	there	are	various	options	to	interact	with	the	page	on	a	tablet	device,	for	example,	through	scrolling	or	tapping,	these	actions	are	not	easily	controllable	when	executed	at	speed.	Thus,	page-turning	on	a	tablet	device	is	no	more
comfortable	than	on	print	material.	Commercial	software	and	hardware	that	address	this	problem	exist.	These	solutions	may	fall	under	two	categories,	namely,	manual	or	fully	automated	page-turners.	Manual	page-turning	solutions	require	voluntary	user	input	to	trigger	a	page-turning	event.	For	example,	AirTurn	provides	a	foot	pedal	system	which
allows	the	music	player	to	activate	page	turns	through	the	use	of	an	external	foot-pedal	device.	While	such	an	approach	may	be	suitable	in	some	cases,	some	instrumentalists	require	the	use	of	their	feet	for	their	instrument	foot	pedals	(Laundry,	2011).	automated	turn-page	would	be	more	desirable.	Tablet	applications	such	as	mobilesheets,
sheetmusic,	phonicscore	and	classicscore	provide	such	a	structure	using	a	scrolling	score,	where	the	rate	of	parchment	is	determined	by	the	time	of	a	pre-recording	reproduction	of	classical	music,	which	could	be	adjusted	according	to	a	preferred	speed	in	mobilesheets	and	sheetmusic.	both	these	options	are	not	ideal	because	the	performer	is	obliged
to	adhere	strictly	to	a	certain	specific	time	for	the	duration	of	the	piece,	which	often	results	in	a	performance	that	is	not	stylistic.	applications	such	as	phonicscore	allow	the	parchment	to	adjust	according	to	the	playback	of	the	musician	taking	into	account	the	audio	data	in	real	time.	However,	these	methods	are	susceptible	to	background	noise,	tool
stamp	and	note	errors	from	the	performer	and	are	therefore	not	very	reliable.	a	tipping	system	of	the	ideal	page	would	therefore	be	one	that	can	work	without	the	oo	of	additional	gestures,	that	is	a	system	that	works	on	the	interactions	already	existing	between	the	musician	and	the	score.	In	this	way,	the	musician	can	stay	in	control	when	the	page
turns	occurs	while	moving	the	weight	of	the	real	page	turns	on	the	system	that	controls	the	music.	Moreover,	the	tipping	system	of	the	page	must	be	robust	for	the	errors	potentially	introduced	by	the	musician.	in	our	previous	work	(bonnici	et	al.,	2017,)	we	show	how	the	eye-gaze	tracking	can	be	used	to	monitor	the	interaction	of	the	musician	with
the	score	and	then	create	a	turning	system	without	hands.	this	system	was,	however,	limited	to	rigid	movements	of	the	head	and	eye	due	to	the	intrinsic	noise	that	exists	within	the	tracking	of	the	sight.	in	this	article,	we	extend	this	work	using	a	kalman	filter	approachModel	the	interaction	of	the	musician's	gaze	and	then	provide	a	strong	prediction	of
the	position	of	the	musician's	gaze.	Let's	use	this	information	together	A	half	-page	turning	system	to	ensure	that	the	musician	has	the	current	and	the	next	size	on	the	screen	at	any	time.	2.	Related	work	page	transformation	systems	can	be	widely	classified	into	two	groups,	i.e.	applications	for	physical	books,	printed	and	applications	for	digital	media,
as	shown	in	figure	1.	The	systems	operating	on	physical	books	must	first	engage	with	the	most	printed	page.	The	device	must	lift	this	page	from	the	remaining	pages	using	mechanisms	such	as	suction	pipes,	friction	wheels,	stickers	or	magnetic	clips	(Wolberg	and	Schipper,	2012.)	The-turner	page	then	raises	the	single	page	and	transports	it,	face	on
the	right,	on	the	Another	pile	of	pages.	Once	turned,	the	device	protects	the	in-act	sheet	through	a	restriction	mechanism	to	ensure	that	the	melted	sheet	does	not	violate	in	further	page-plating	page	actions.	So,	the	mechanical	systems	must	balance	the	speed	of	turning	the	page	with	the	relative	fragility	of	the	card	so	as	not	to	tear	the	card	(Wolberg
and	Schipper,	2012.)	These	mechanisms,	therefore,	tend	to	be	relatively	slow	and	are	more	often	used	In	the	context	of	the	page-turner	for	people	with	physical	disabilities	where	the	need	to	overcome	speed	and	efficiency.	Figure	1.	The	page	impeding	the	page	described	in	literature.	Digital	media	-based	turntables	are	more	common	in	musical
applications.	The	reason	for	this	derives	from	the	growing	availability	of	tablet	devices	as	well	as	digital	sheet	music.	As	shown	in	Figure	1,	turntables	for	digital	media	can	be	divided	into	two	further	categories,	that	is,	those	that	are	completely	autonomous	and	those	that	depend	on	some	form	of	user	input.	The	completely	autonomous	systems	rely
on	pre	-established	times,	scrolling	through	fixed	-time	music	sheets	Et	al.,	2005.)	While	these	systems	can	allow	manual	changes	in	the	speed	of	execution	at	the	beginning	of	performance,	real	-time	adaptations	to	speed	changes	are	not	possible.	possible.	.Lan	te	refrod	ni	.erocs	eht	ot	ot	ot	obs	fo	tnemngila	seriuqer	,dna	eht	ot	tamrof	tnereffid	a	sah
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Time	Warping	(DTW).	DTW	calculates	the	optimal	non	-linear	alignment	between	two	sequences,	using	a	local	cost	measurement	that	refers	refers	from	the	two	sequences	to	each	other.	To	Dorfer	et	al.	(2017),	the	two	sequences	are	composed	of	the	score	and	audio	extracts.	A	neural	network	is	used	to	calculate	a	local	cost	measure	between	the
score	sequence	and	audio	extracts.	The	resulting	cost	matrix	is	​​then	used	by	the	DTW	to	align	the	music	of	the	sheet	and	the	audio	extracts.	However,	offline	score-audio	alignment	is	carried	out.	Therefore,	this	approach	is	not	suitable	for	page-plating	page	applications,	which	requires	real-time	alignment	of	the	two.	Chen	and	Jang	(2019)	propose	a
process	of	audio-score	alignment	based	on	a	similar	approach.	The	sets	of	notes	are	detected	by	the	audio	signal,	extracting	a	functionality	carrier	to	describe	the	signal	around	each	onset.	Finally,	the	characteristic	vector	is	compared	to	the	score	using	a	dynamic	programming	approach,	using	a	constant	transformation-Q	modified	as	a	measure	of
similarity.	This	measure	allows	the	invariance	to	exploit	timbre	interference	and	over.	To	allow	the	online	score-seater,	Chen	and	Jang	(2019)	then	change	the	algorithm	to	reduce	the	calculation	time	necessary	to	align	the	audio	to	the	score.	To	achieve	this,	they	take	on	the	establishment	of	the	performance	and	continuity	of	performance.	That	is,	the
musician	adheres	to	the	marking	of	the	time	on	the	score,	and	does	not	introduce	sudden	changes	of	time.	The	musician	should	also	play	the	score	in	a	sequential	way	and	avoid	jumps	or	jumps	to	other	sections	of	the	score.	These	assumptions	allow	the	onset	correspondence	algorithm	to	predict	the	position	of	the	beginnings	according	to	the	time.
They	also	limit	the	calculation	of	the	fertilizers	with	the	beginning	of	the	previously	combined	fertilizers.	Chen	and	Jang	(2019)	obtain	an	average	latency	of	19.2	ms	obtained	by	10	pre-registrative	Chorales,	by	human	beings,	composed	of	Bach.	While	the	results	obtained	in	Chen	and	Jang	(2019)	allow	to	obtain	the	score	in	real	time	later,	are	based	on
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dnah-eye	eht	,Cnamrofrep	lacisum	eht	by	REILRAE	SSELAXIF	tcartta	silw	silw	silw	silw	silw	silw	slop	This	estimate	is	then	used	in	the	Bayesian	inference	model	to	determine	the	most	likely	location	for	a	match	between	score	and	keying	data.	Similarly,	Terasaki	et	al.	(2017)	also	adopts	a	combined	approach	of	keying	and	eye-gaze	tracking.	However,
Terasaki	et	al.	(2017)	use	a	hidden	model	of	Markov	(HMM)	to	create	a	look	model.	The	HMM	output	probability	follows	a	normal	distribution	with	the	central	coordinates	of	each	note	as	an	average	value.	The	model	determines	the	probability	of	initial	transition	and	the	probability	of	transition	of	the	state	by	learning	the	coordinates	of	the	look	(gx,
gy)	position	of	the	look	when	the	performers	are	practicing	while	watching	the	music	score.	The	probability	of	exit	of	the	look	model	expresses	the	probability	of	the	look,	that	is	the	probability	that	the	subject	looks	a	particular	place	on	the	score.	This	probability	score	is	reflected	in	the	following	score	by	multiplying	the	cost	of	dynamic	programming
match	with	the	probability	look.	Both	these	approaches	have	been	evaluated	with	single-line	statistics	systems,	and	while	Chen	and	Jang	(2019)	take	into	account	the	possibility	of	loss	in	eye-gaze	data,	their	approach	simply	waits	for	eye-gaze	data	to	become	available	once	more.	The	two	methods	also	make	the	general	hypothesis	that	the	eye-gaze
will	always	move	on.	However,	in	the	presence	of	two	stature	lines,	as	typical	in	piano	music,	the	eye-gaze	can	also	swing	in	the	vertical	direction.	Eye-gaze	can	also	change	backwards	when	the	subject	looks	at	the	key,	signature	and	signature	of	time,	especially	if	these	changes	within	the	piece,	while	at	the	same	time,	keying	information	remains	in
motion.	In	addition,	the	eye	arch	may	require	several	local	distributions,	depending	oncharacteristics	of	the	piece.	Therefore,	more	robust	treatment	of	Eye-Gaze	information	is	needed.	2.2	View	of	the	score	an	automated	pages	turning	system	must	also	take	into	account	eresse	²Ãup	elatigid	omrehcs	ol	ehc	ottaf	led	osu	onnaf	anigap	alognis	anu	id
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eved	ametsis	elaT	.anigap	al	atiugese	eneiv	emoc	e	omrehcs	ollus	atazzilausiv	eneiv	acisum	al	iuc	ni	odom	In	two	parts,	allowing	the	rotation	of	a	page	in	which,	after	some	time	delay,	the	upper	part	of	the	page	can	view	new	content	while	the	lower	part	of	the	page	maintains	the	current	the	current	before	this	too	is	updated.	In	order	to	indicate	the
change	in	content,	visualizations	such	as	page	peeling,	or	highlight	lines	have	been	used	(Bell	et	al.,	2005;	Blinov,	2007;	Laundry,	2011).	Digital	page	turning	systems	must	also	take	into	account	the	display	of	music	with	repeated	sections,	particularly	when	these	sections	are	long.	Since	digital	displays	divide	the	printed	scores	into	sub-pages	for	a
comfortable	fit	on	the	device	display	space,	any	such	repeat	instructions	may	require	going	back	several	pages,	aggravating	what	is	already	an	annoying	problem.	To	resolve	the	problem,	automated	page	turning	can	be	combined	with	a	system	of	bookmark	annotations	to	allow	the	player	to	go	back	and	forth	in	the	document	with	greater	ease	(Jin,
2013).	However,	instantaneous	jumps	from	page	to	page	in	the	music	are	considered	distracting	to	music	players	(Laundry,	2011).	This	supports	the	concept	of	a	flattened	score	in	which	all	repeats	of	the	musical	score	are	expanded	(Jin,	2013).	Such	a	flattened	score	may	be	obtained	by	representing	the	sheet	music	using	a	formal	language
representation	through	optical	music	recognition	algorithms,	allowing	the	flattened	score	to	be	checked	for	errors	in	the	interpretation	of	the	repeat	instructions	(Jin,	2013;	Dannenberg	et	al.,	2014;	Ringwalt	et	al.,	2015).	3.	A	Kalman	Filter	Model	for	Eye-Gaze	Page	Turning	In	this	paper,	we	adopt	a	Kalman	filter	approach	to	create	a	robust	eye-gaze
tracking	model	that	can	smoothen	the	noisy	eye-gaze	data	recorded	from	the	eye-gaze	tracker	while	compensating	for	loss	of	input	due	to	glances	away	from	the	score	as	well	as	local	variations	in	the	eye-hand	span.	To	model	the	eye-gaze	pattern	across	the	screen,	we	assume	that	the	score	image	has	been	pre-processed	using	the	score	processing
steps	described	in	Bonnici	et	al.	(2017),	that	is,	the	page	is	sub-divided	into	sub-pages	comprising	of	two	systems,	repeats	have	been	flattened	and	a	half-page	is	adopted.	We	also	assume	that	each	system	is	composed	of	two	stages	typical	of	piano	music.	3.1.	Reading	Model	Music,	such	as	the	text,	is	read	from	left	to	right	(Huovinen	et	al.,	2018),	such
that	the	current	position	on	the	score	can	be	expressed	by	the	linear	equation:	where	xk=(xk,yk)"	denotes	the	current	position	on	the	score	from	which	the	subject	is	reading	at	the	instance	k	while	Δxk=	(δxk,δyk)′	indicates	the	position	of	moving	in	the	reading.	The	δxk	horizontal	component	of	the	shift	carrier	depends	on	the	reading	speed,	i.e.	the
local	speed	with	which	the	piece	is	read,	depending	on	the	time	of	the	piece	and	the	local	complexity	of	the	score.	Towards	the	end	of	the	system,	however,	the	horizontal	reading	position	will	return	to	the	beginning	of	the	next	system	and	is	therefore	a	function	of	the	width	of	the	system.	Therefore,	the	horizontal	shift	can	be	expressed	as:	δxk={f(v)
in	the	same	systemf(w)	at	the	end	of	the	system	(2)	where	v	is	the	reading	speed	and	the	system	width,	as	illustrated	in	Figure	2.	Figure	2.	Illustration	of	a	simple	reading	model.	(1)	When	reading	notes	within	the	system,	the	reference	point	moves	with	a	horizontal	shift	which	is	a	function	of	the	v	speed	with	which	the	piece	is	played.	(2)	At	the	end	of
the	system,	the	reference	point	moves	not	only	in	the	horizontal	direction,	but	also	in	the	vertical	direction.	Here	the	horizontal	shift	is	a	function	of	the	w	width	of	the	system,	while	the	vertical	shift	is	a	function	of	separation	between	the	two	systems.	Since	each	system	is	composed	of	two	stages,	we,	without	loss	of	generality,	assign	the	vertical
component	of	the	reading	position	to	be	at	the	center	of	the	system	as	illustrated	in	Figure	2.	While	the	reading	position	remains	within	the	same	system,	this	vertical	component	should	remainIn	the	transition	transition	A	system	to	the	next,	this	vertical	component	is	expected	to	move	vertically	according	to	the	separation	between	the	two	systems.
Thus,	the	î´yk	vertical	shift	component	can	be	expressed	as:	î´yk	=	{0within	the	same	system	(s)	at	the	end	of	the	system	(3)	where	the	separation	between	two	systems	as	illustrated	in	figure	2	is.	An	eye-gaze	tracker	provides	information	on	the	point	of	view	G	=	(GX,	Gy)	of	the	subject	on	the	screen.	This	point	of	view	corresponds	to	the	current
reading	position	of	the	subject	so	that	the	reference	point	G	can	be	used	to	adjust	and	update	the	reading	position	provided	through	the	Equation	(1).	In	particular,	the	point	of	reference	can	be	used	to	estimate	local	changes	in	the	reading	speed,	allowing	updates	to	both	the	reading	position	and	the	horizontal	movement	î´	xk.	However,	from	the
literature	on	the	movement	of	the	eyes	while	reading	the	music,	we	know	that	the	movement	of	the	eyes	can	have	changes	in	the	vertical	directions	corresponding	to	the	subject	that	analyzes	both	stains	of	the	system.	The	movement	of	the	eyepiece	also	had	horizontal	variations	around	the	note	that	is	read	while	the	reader	moves	his	gaze	to	read	the
imminent	notes.	Furthermore,	the	looks	to	the	keyboards,	or	the	partners	are	in	Eye-Gazes	which	do	not	always	correspond	to	the	reading	position	on	the	score.	Therefore,	the	eyelashes	must	be	considered	a	noisy	measure	and	a	method	that	compensates	the	noisy	data	must	be	adopted.	3.2.	The	Kalman	filter	The	Kalman	filter	discreet	time	provides
such	a	tool.	The	Kalman	filter	assumes	that	a	system	is	ruled	by	a	process	modeled	by	the	Stocastic	linear	model	given	by	Equation	(4)	for	which	a	measure	Z	can	be	connected	to	the	state	vector	x	using	Equation	(5)	(Maybeck,	1979)	where	W	and	V	are	random	variables	that	process	and	measurement	noise	respectively.	It	is	assumed	that	they	are
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score.	3.5.	Loss	in	the	measurement	of	the	eyes	the	discussion	so	far	is	presumed	to	the	eye-gaze	tracker	in	use	can	locate	the	pianist's	eyes	at	all	times.	However,	from	our	preliminary	study,	we	note	that	there	are	instances	when	pianists	shift	their	position	at	the	piano,	for	example,	by	leaning	toward	the	higher	or	lower	registers	of	the	piano.	In
doing	so,	the	eyes	shift	out	of	the	field	of	view	of	the	eye-gaze	tracker,	resulting	in	a	loss	of	eye-gaze	measurements.	This	loss	results	in	measurement	data	of	z	=	0.	While	the	Kalman	filter	tolerates	noisy	data,	long	instances	of	erroneous	measurements	will	cause	the	Kalman	filter	to	diverge,	particularly	since	such	losses	in	the	eye-gaze	measurements
tend	to	occur	over	long,	consecutive	time	intervals.	Such	divergence	may	lead	to	accidental	page	turns	which	is	undesirable.	To	compensate	for	loss	in	measurement	data,	we	monitor	the	eye-gaze	measurements	and	in	the	case	of	consecutive	losses,	we	interpolate	the	missing	eye-gaze	measurements.	The	interpolation	uses	the	assumed	process	model
such	that:	z1,k=x1,k-1|k-1+x3,k-1|k-1​Ã	Â​Ã	Â​Ã	Â​Ã	Â(14)	When	the	pianist's	eye	are	once	again	within	the	field	of	view	of	the	tracker,	the	measurement	data	will	revert	to	those	obtained	through	the	eye-gaze	tracker,	allowing	the	Kalman	filter	to	update	the	state	vectors	with	the	new,	actual	measurement	input.	Although	this	approach	may	introduce
some	drift,	the	error	due	to	this	drift	will	not	be	as	large	as	the	divergence	caused	due	to	loss	in	the	measurement	data.	This	approach	allows	us	to	use	a	hybrid	model	to	determine	the	pianist's	location	on	the	score.	At	instances	when	measurement	data	is	available,	the	pianist's	position	is	determined	through	the	Kalman	filter	eye-tracking	model.	In
the	absence	of	any	measurement	data,	we	follow	the	constant	velocity	model	until	sensible	measurements	are	once	more	obtained	from	the	eye-gaze	tracking	device.	Relying	only	the	interpolation	models	of	Equations	(14)	and	(15)	would	make	the	estimation	of	the	pianist's	reading	Eht	FO	HTDIW	EHT	FO	htfif	a	ot	dlohserht	MUINIM	eht	tes	,pmb	021
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consideration	that	most	fastest	time	(slower)	reduce	(increase)	the	time	spent	within	the	region	of	interest.	Figure	3.	Illustrate	the	Region	of	interest	on	the	second	system.	When	the	eye	position	exceeds	an	set	threshold	of	ã	¢	...	â	€	¢	of	the	region	of	interest,	the	turn	of	the	page	can	be	carried	out	without	distracting	the	pianist.	4.	Evaluation
methodology	to	evaluate	the	performance	of	the	proposed	Kalman	filter	model	and,	subsequently,	the	change	of	the	page	based	on	glasses,	we	adopt	an	evaluation	process	in	two	phases,	using	the	model	first	with	a	set	of	simulated	data,	followed	by	one	Evaluation	with	real	glasses.	The	simulated	tests	allow	us	to	observe	the	Kalman	filter	model	with
respect	to	the	truth	data	on	the	ground	and	therefore	determine	the	residual	error	of	the	Kalman	filter	model.	The	simulated	data	of	Tround-Truth	were	created	using	the	process	model	described	by	the	equation	(1)	using	a	constant	rhythm	of	120	bpm	to	simulate	the	reading	speed,	a	width	of	the	1,200	pixel	system,	a	height	of	the	system	200	pixels
and	a	separation	of	300	pixels	between	the	systems,	resulting	in	an	effective	page	dimension	of	1,	200	ã	â	€	â	€	700	pixels.	For	the	purposes	of	simulation,	we	create	a	page	made	up	of	five	systems	as	shown	in	Figure	4.	We	therefore	introduce	disturbances	to	the	truth	data	on	the	ground	to	simulate	the	characteristics	provided	for	in	real	data.	First
we	simulate	the	short	leaks	of	the	signing	measuring	data	that	can	be	caused	by	looks	on	the	keyboard.	These	are	modeled	as	impulses	both	in	the	horizontal	and	vertical	components	of	the	measurements	of	the	gaze.	Then	we	shape	the	noise	in	the	measurement	of	the	point	of	respect	due	to	in	the	movements	of	the	eyes	and	the	noise	introduced	by
the	eye	sensor	itself.	This	noise	is	modeled	as	a	Gaussian	additive	noise,	changing	the	signal-rumor	ratio	by	varying	the	variance	of	noise	noise	The	final	simulation	tries	to	emulate	the	long	losses	in	the	measurements	of	Eye-Gaze	​​by	introducing	more	long	zero-pulse	to	the	measurement	data	of	the	truth	of	land.	This	evaluation	allows	us	to	compare
the	effect	of	the	interpolation	of	measuring	data	on	the	result	of	the	Kalman	filter.	Figure	4.	Simulation	of	the	Eye-Gaze	​​measures	while	reading	five	systems	and	the	Kalman	filtered	result.	(A)	the	horizontal	component	of	the	eyes-gazette	movement	and	(b)	the	vertical	component	of	the	eyes-gaming	movement.	In	all	these	tests,	the	Kalman	filters
outputs	were	expected	to	follow	the	ideal	entry	in	an	humid	way	due	to	a	trend	of	the	Kalman	filter	model	to	resist	changes	in	every	direction	as	set	in	the	matrices	of	co-ray	noiseTo	evaluate	the	Kalman	filter	model	with	real	data,	we	use	the	SMI	Red500	eye	socket	monitor.	This	Eye-Gaze	​​Tracker	uses	infrared	lighting	next	to	the	processing	of
computerized	images	to	detect	the	position	of	the	user's	gaze	on	an	area	of	​​designated	interest.	For	the	optimal	conditions	of	operating,	the	subject	is	to	sit	at	60âace	80	cm	away	from	a	22	-inch	monitor,	where	an	admissible	head	box	of	about	40	—	20	cm	is	formed.	Upon	these	conditions,	the	system	offers	binocular	tracing	with	a	maximum	sampling
speed	of	500	Hz,	measuring	without	contact,	small	automatic	compensation	of	the	head	of	the	head	for	the	head	of	the	head	of	the	head	up	to	50	cm/s	using	corneal	reflections	and	a	typical	one	precision	of	the	position	of	the	gaze	of	about	0.4	Â	°.	The	Eye-Gaze	​​tracker	is	connected	to	a	workstation	that	performs	the	Iview	XTM	software.	This	software
facilitates	the	capture	of	eye	movements	by	checking	all	the	camera	equipment	and	processing	all	the	video	signals	of	the	eye	and	scene	captured.	This	workstation	is	allad	allad	atinrof	)IPA(	enoizacilppa'lled	enoizammargorp	id	aiccafretni'nu	odnazzilitu	noitatskrow	alla	acinumoc	e	baltaM	us	atasab	¨Ã	enoizacilppa	artson	aL	.gninrut-anigap	id
enoizacilppa	artson	al	atipso	ehc	elanosrep	ovitisopsid	nu	a	,tenrehtE	etimart	Xâ	¢	Software	development	kit	(SDK).	The	API	allows	our	application	to	check	SMI	Red500	and	recover	eye	tracking	data.	Using	this	configuration,	two	tests	were	performed.	First,	the	subject	was	asked	to	read	and	perform	15	plane	scores	normally,	allowing	speed	changes
within	the	performance.	For	this	test,	15	different	pieces	of	music	were	selected	so	that	the	pieces	showed	different	levels	of	difficulty	and	changes	over	time.	For	these	pieces,	the	performance	of	the	Kalman	filter	model	for	page	turn	applications	has	been	evaluated	by	counting	the	number	of	successful	page	curves,	delayed	page	shifts	and	advanced
page	curves.	For	the	purposes	of	this	work,	we	define	the	success	page	that	the	turns	that	do	not	interrupt	the	flow	of	music.	Retarded	page	shifts	are	defined	as	such	instances	where	the	pianist	completed	the	system	but	the	next	system	is	not	displayed,	introducing	a	delay	in	the	flow	of	music.	Similarly,	advanced	page	shifts	are	activated	page	turns
before	the	pianist	has	finished	reading	the	system.	These	page	curves	are	more	disruptive	than	delayed	page	curves	since	they	introduce	jumps	into	music.	In	the	second	part	of	the	reading	test,	we	deliberately	introduced	to	restart	and	jump	into	the	music	stream	to	determine	whether	the	Kalman	filter	model	was	equally	able	to	preserve	the
successful	curves	under	great	disturbances	from	the	alleged	reading	model.	5.	Results	The	Figure	4	shows	the	performance	of	the	Kalman	filter	model	proposed	in	clean	and	idealized	measurements.	These	measurements	will	be	used	as	ground	truth	when	evaluating	the	performance	of	the	Kalman	filter	model.	From	Figure	4,	we	can	observe	that,	as
expected,	theKalman	acts	as	a	filter	too	dampened,	allowing	the	states	of	the	system	to	reach	the	desired	output.	The	results	shown	here	show	that	the	proposed	model	can	follow	the	changes	in	the	direction	of	reading	corresponding	to	a	In	the	look	between	different	systems.	A	root-mean-quadrata	(RMS)	root	error	of	106.0	pixels	was	observed	with
this	input	and	this	corresponds	to	a	delay	between	the	ideal	and	expected	states.	This	delay	can	be	divided	into	a	delay	of	103	pixels	in	the	horizontal	direction,	equivalent	to	8.5%	of	the	width	of	the	page	and	25	pixels	in	a	vertical	direction,	equivalent	to	3.6%	of	the	height	of	the	page.	In	Figure	5,	we	simulate	short	losses	in	measuring	data	with
impulses	entered	at	intervals	equally	spaced	along	the	measurement.	We	note	that	the	Kalman	model	filters	these	impulses	in	such	a	way	that	the	positions	of	the	expected	gaze	are	located	near	the	truth	of	land	expected.	An	MRS	error	of	109.9	pixels	was	observed,	which	indicates	that	the	difference	between	the	results	of	the	Kalman	filter	and	the
basic	truth	is	mainly	due	to	the	delay	observed	in	Figure	4	and	that	the	impulses	introduced	have	little	effect	on	performance	of	the	Kalman	filter.	Figure	5.	simulating	the	loss	of	data	on	the	eye,	typical	of	short	requests	in	which	the	pianist	gives	a	quick	look	at	the	keyboard.	(A)	the	horizontal	component	of	the	ocular	movement	and	(b)	the	vertical
component	of	the	eye	movement.	Figure	6	shows	the	performance	of	the	Kalman	filter	model	under	the	presence	of	noise	normally	distributed	with	zero	media	and	a	standard	deviation	of	50	pixels.	This	graph	shows	how	the	adopted	Kalman	filter	model	compensates	for	noisy	signals	and	is	therefore	robust	for	the	noise	in	the	eye	movements	due	to
micro-seci	and	noise	in	the	sensor	itself.	For	a	noise	with	a	standard	deviation	of	50	pixels,	an	RMS	error	of	107.2	pixels	was	observed.	This	error	is	comparable	to	the	error	due	to	the	delay	introduced	by	the	model.	In	figure	7,	we	show	the	change	in	the	RMS	error	with	an	increase	in	noise	up	to	a	standard	deviation	of	500	pixels.	From	this	graph,	we
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ni	eznatsi	ella	ilibanogarap	,enoizarusim	id	itad	id	atidrep	id	ihgnul	¹Ãip	idoirep	id	otteffe'l	omaivresso	,9	arugiF	alleN	.eraluco	otnemivom	led	elacitrev	etnenopmoc	li	)b(	e	eraluco	otnemivom	led	elatnozziro	etnenopmoc	li	)A(	.enoizarusim	id	itad	id	atidrep	id	eznatsi	iverb	e	otanibmoc	erosnes	led	eromur	ni	namlaK	ortlif	id	olledom	led	inoizatserp	elled
enoizalumiS	.8	arugiF	.isoromur	¹Ãip	erpmes	itad	ni	namlaK	ortlif	led	inoizatserp	elled	otnorfnoC	.7	arugiF	.eraluco	otnemivom	led	elacitrev	etnenopmoc	li	)b(	e	eraluco	otnemivom	led	elatnozziro	etnenopmoc	li	)A(	.lexip	05	id	dradnats	enoizaived	anu	e	orez	aidem	noc	elamron	enoizubirtsid	anu	ah	otnuigga	eromur	lI	.isoromur	irosnes	e	ihccas-orcim	id
asuac	a	eraluco	odraugs	ollen	inoizaived	elled	ehcipit	,isoromur	enoizarusim	id	itad	ni	namlaK	ortlif	id	olledom	led	inoizatserp	elled	enoizalumiS	.6	arugiF	.itanibmoc	eromur	id	illedom	ien	inoizatserp	id	ollevil	ossets	ol	ah	namlaK	ortlif	li	ehc	artsom	ehc	lexip	5,111	id	SMR	erorre	nu	,osac	otseuq	ni	,e	8	arugiF	allen	itartsom	onos	enoizalumis	atseuq	id
itatlusir	I	.itad	id	etidrep	iverb	e	osoromur	erosnes	id	eznatsi	el	odnatimi	,otiubirtsid	etnemlamron	eromur	e	otanibmoc	oslupmi	ni	etavresso	etnemroiretlu	etats	onos	namlaK	ortlif	id	olledom	led	inoizatserp	eL	.inoizarusim	ellen	eromur	la	ottepsir	ottodir	etnemloveton	¨Ã	enoizarusim	enoizarusim	id	atidrep	al	erarepucer	id	namlaK	ortlif	id	olledom	la
ehcna	etnesnoc	am	,arret	a		Ãtirev	allad	avired	91	id	evruc	itnatser	eL	.acisum	allen	ataredisedni	asuap	anu	odnecudortni	,esseretni	id	enoiger	alled	enif	alla	oirporp	etacifirev	onos	is	evruc	etseuq	id	eud	,anibmoloc	id	illab	eriugese	rep	eirassecen	onos	enigap	12	elled	ehc	eravresso	omaissop	,11	arugiF	alleN	.anigap	alled	atlovs	al	adnetta	airetam	al
ehc	¬Ãs	odnecaf	,anigap	id	onrut	li	onadratir	esseretni	id	enoiger	alled	onretni'lla	idrat	opport	onacifirev	is	ehc	anigap	id	evruc	el	,etrap	artla'D	.imetsis	i	art	odnassap	ats	otteggos	li	odnauq	,otserp	opport	onacifirev	is	otteggos	li	onibrutsid	esseretni	id	enoiger	al	ehc	amirp	onacifirev	is	ehc	anigap	id	inrut	I	.elautta	ametsis	led	enif	al	eregnuiggar	id
amirp	ovisseccus	ametsis	li	aibba	atsinaip	li	ehc		Ãrerucissa	inoiger	etseuq	id	onretni'lla	arig	is	anigap	aL	.anigap	id	onrut	li	ihcifirev	is	ehc	omaittepsa	ic	,elauq	alled	onretni'lla	esseretni	id	enoiger	alled	ocifarg	li	enopmorepuS	.ozzep	oretni'l	rep	anigap	id	irig	onacifirev	is	iuc	ni	eznatsi	el	e	namlaK	etartlif	odraugs	olled	inoizisop	el	omairtsom	,11
arugiF	alleN	.oiggetnup	lus	eraluco	odraugs	ol	rep	idiulf	¹Ãip	itnemivom	odnasuac	,ihcco	ilged	odraugs	olled	enoizisop	alled	amits	allen	eromur	li	ecudir	namlaK	ortlif	id	olledom	li	ehc	eravresso	omaissop	,italumis	tset	ia	elimiS	.itavelir	itad	itseuq	a	otsopparvos	¨Ã	namlaK	ortlif	id	olledom	led	elatats	erottev	lI	.ottartse'l	¬Ãugese	otteggos	li	ertnem
eraluco	rekcart	lad	etavelir	ihcco	ilged	odraugs	olled	inoizarusim	el	artsom	01	arugiF	aL	.eraluco	otnemivom	led	elacitrev	etnenopmoc	li	)b(	e	eraluco	otnemivom	led	elatnozziro	etnenopmoc	li	)A(	.)edrev(	enoizarusim	id	etidrep	el	eraugeda	rep	enoizarusim	id	irolav	ied	enoizalopretni	id	atsoporp	al	noc	etatnorfnoc	eresse	onossop	)ossor(	namlaK	ortlif
id	olledom	led	inoizatserp	eL	.eraluco	rekcart	led	atsiv	id	opmac	lad	anatnolla	is	etnetu'l	odnauq	ehcipit	onos	ehc	odraugs	olled	inoizarusim	ellen	ehgnul	¹Ãip	etidrep	id	enoizalumiS	.9	arugiF	.etnemecolev	¹Ãip	They	have	occurred	within	the	region	of	interest	and	can	therefore	be	considered	successful	page.	Table	1,	documents	the	total	number	of
successful	pages,	anticipated	and	late	runs	for	the	15	selected	pieces.	From	this	this	id	esseretni	id	enoiger	alled	enoizisop	al	onacidni	ollaig	ni	etaiznedive	inoiger	eL	.eraluco	otnemivom	led	elacitrev	etnenopmoc	li	)b(	e	elatnozziro	etnenopmoc	li	)a(	odnartsom	.)unitraM(	secnaD	enibmuloC	id	enoizucese'l	etnarud	anigap	id	evruc	i	itacifirev	onos	is	iuc
ni	eznatsi	el	erartsullI	.11	arugiF	.oipmese	emoc	)unitraM(	enibmoloc	id	ehgir	eud	emirp	el	odnasu	namlaK	ortlif	led	itatlusir	iad	e	eraluco	rekcart	lad	etunetto	eraluco	odraugs	olled	inoizarusim	el	odnatnorfnoC	.01	arugiF	.areitsat	allad	inam	el	erevoumir	id	ongosib	aznes	anigap	id	atlovs	al	eravitta	²Ãup	otteggos	li	ehc	oiggatnav	eroiretlu'l	noc	,anigap
id	evruc	el	etnemlaunam	onaloger	is	odnauq	itatnemireps	idratir	iad	etnemasrevid	non	,idniuq	e	idnoces	3	a	eroirefni	atarud	anu	onaveva	itunetsos	idratir	i	,aivattuT	.amelborp	otseuq	ebberenimile	,idniuq	,e	imrofinu	¹Ãip	ezzehgnul	id	imetsis	ebberitnarag	,LMXcisuM	ni	atittaippa	aronos	annoloc	al	erevircsir	,oipmese	da	,osrevartta	acisum	alled
enoizinifed	alled	enoizaloger	aL	.anigap	id	atlovs	anu	eriugese	id	amirp	ametsis	led	onretni'lla	opmet	¹Ãip	ererrocsart	id	otteggos	li	otseihcir	ah	anigap	alled	atlovs	id	olledom	ortson	li	,isac	itseuq	nI	.ovisseccus	ametsis	len	atutepir	enoizes	alled	otnemiresni'l	eritnesnoc	rep	atattacs	atats	are	ottircs	oiggetnup	led	enigammi'l	iuc​​â​​â	ni	iverb	otlom	imetsis
ni	odnatlusir	,ametsis	led		Ãtem	amirp	allen	enoizitepir	id	inges	onaveva	izzep	itseuQ	.)7102	,.la	te	icinnoB(	ad	otattoda	oiggetnup	led	otnemittaippa	id	oiccorppa'lla	ituvod	etnemlapicnirp	onos	idratir	ert	irtla	ilG	.odipar	etnemetneiciffus	are	non	otnemattada'l	,opmet	len	otnemaibmac	la	essattada	is	namlaK	ortlif	id	olledom	li	enebbes	,isac	itseuq	nI
.ecolev	¹Ãip	enoizes	anu	a	atnel	enoizes	anu	ad	ottircs	opmet	led	oibmac	id	enoizurtsi'lla	ituvod	onos	enibmoloc	id	eznad	ellen	itavresso	idratir	I	.%3,89	led	osseccus	id	anigap	anu	ni	odnatlusir	,etadratir	etats	onos	enigap	5	olos	,enigap	982	us	ehc	omaitoN	system.	The	occurrence	of	a	successful	page	turning	point	is	marked	with	black	circles	while	the
delayed	curves	are	marked	with	red	circles.	The	page	occur	within	the	region	of	interest	interest	cause	disorders	in	the	performance	of	the	piece.	Table	1.	The	execution	of	the	automated	page	by	turning	on	15	different	musical	pieces,	giving	the	total	number	of	rpms	required	and	the	number	of	successful	page	rpm,	the	number	of	late	page	rpm	and
the	initial	page	number	is	transformed	as	a	percentage	of	the	total	number	of	page	rpm.	Figure	12	further	shows	the	performance	of	the	monitoring	of	the	Eye-Gaze	​​under	instances	when	the	subject	stops	and	restarts	reading	the	same	section	of	music.	The	results	shown	show	that	the	Kalman	filter	model	can	react	to	these	changes,	allowing	the
slowness	of	the	eyes	that	follow	to	work	also	under	the	changes	of	the	subject's	gaze	from	the	required	reading	model.	Accommodating	these	changes	is	necessary	as	it	allows	the	eye-gaming	page	to	work	even	under	instances	of	time	of	practice.	Figure	12.	Illustrating	the	performance	of	the-Turning	page	in	re-starting	conditions	and	skips,	showing
(a)	the	horizontal	position	of	the	ey-gazing,	(b)	the	vertical	position	of	the	Eye-Gaze	​​(c)	the	measured	values	​​and	filtered	Kalman	Eye-Gaze	​​on	the	score.	(1)	The	subject	begins	by	reading	music	normally	but	a	(2)	stops	and	restarts	performance	from	the	beginning	of	the	system.	The	Kalman	Filter's	tracking	model	responds	in	shape	and	restarts	too
much	from	the	start	of	the	system.	The	current	system	remains	visible	for	the	object,	not	causing	interruptions	in	the	flow	other	than	those	intentionally	introduced	by	the	subject.	A	(3)	The	subject	proceeds	to	the	next	system	and	the	Kalman	filter	model	detects	this	change.	The	subject	plays	the	first,	the	second	and	third	bar	of	this	system,	but	then
jumps	the	fourth	bar	and	goes	straight	to	the	fifth	bar.	The	Kalman	filter	deals	with	such	a	jump	as	the	noise	in	the	measurement	model	and	delay	behind.	However,	the	overturning	mechanism	of	the	page	can	that	the	subject	moved	to	the	second	system	and	can	update	the	first	system	(not	shown	here).	So,	so,The	subject	completes	the	second
system,	the	page	is	updated	and	can	proceed	with	the	execution	of	the	next	system	which	will	be	displayed	at	the	top.	For	purposes	of	comparison,	we	performed	a	subset	of	the	scores	presented	in	Table	1	using	the	Audio	Audio	PHONICSORE	APPROP	FUNCTION.	For	the	purposes	of	evaluation,	the	CFX	Grand	Piano	tone	was	used	while	the	use	of
the	pedals	was	not	allowed	by	any	other	tone,	or	the	use	of	the	ride	prevented	Phonicscore	from	recognizing	the	notes	in	the	game.	The	scores	were	selected	according	to	the	availability	of	music	in	MIDI	and	Musicxml	format	which	are	the	two	formats	of	files	recognized	by	the	app.	Table	2	gives	the	number	of	successful	page	rpm,	late	and	soon
tested	during	the	use	of	this	application.	It	is	important	to	note	that	Phonicscore	is	not	limited	to	half	-page	turns	and	the	number	of	systems	presented	on	one	page	depends	on	the	density	of	the	music.	Overall,	the	application	therefore	requires	less	trades	for	the	score.	From	Table	2,	we	note	that	this	application	has	a	greater	quantity	of	late	and
anticipated	page	turns	than	our	Eye-Gaze	​​monitoring	system.	In	addition,	in	all	cases,	manual	intervention	was	necessary	to	position	the	position	of	the	cursor	in	the	correct	place	on	the	score.	All	late	and	early	page	curves	occurred	after	the	application	was	unable	to	correspond	to	the	audio	signal	with	the	correct	place	on	the	score.	In	the	instances
of	late	page	rpm,	the	application	was	not	able	to	pick	up	where	the	user	was	playing	and	did	not	advance	at	all,	while	in	the	first	curves	of	the	page,	the	application	found	games	in	front	to	the	current	position	of	the	user	on	the	score,	jumping	forward	in	These	observations	further	demonstrate	the	advantages	of	tracking	for	page-turning.	Table	2.	the
performance	of	the	automated	page	running	using	phonicscore	on	eight	of	the	data	pieces	in	table	1.	6.	6.edam	eb	ton	lliw	yduts	siht	rof	detareneg	stesatad	ehT	tnemetatS	ytilibaliavA	ataD	.gniwollof	erocs	tsubor	erom	a	etaerc	ot	stnemerusaem	dnuos	dna	ezag	eht	fo	erutan	citsahcots	eht	enibmoc	neht	dluow	ledom	retlif	namlaK	ehT	.tnemerusaem
dnuos	,yleman	,tupni	tnemerusaem	dnoces	a	edulcni	ot	detnemgua	si	ledom	retlif	namlaK	desoporp	eht	fi	desaercni	eb	nac	ledom	eht	ni	ycaruccA	.gnigrevid	morf	ledom	retlif	namlaK	eht	stneverp	noitalopretni	tnemerusaem	desoporp	ruo	,secnatsni	hcus	nI	.yromem	morf	erocs	eht	fo	strap	smrofrep	reyalp	eht	nehw	secnatsni	egasivne	nac	eno
,revewoH	.erocs	eht	Morf	seton	eht	daer	ot	eht	ta	ta	kool	sdeen	tcejbus	eht	,tant	tsom	eht	rof	,taht	emussa	ew	,Ledom	ruo	ni	.daer	gnieb	metsys	,	secnatsni	gninruct	eht	FO	%1	tnatsnoc	swolla	yalpsid	gninrut	eg-flah	htw	deriap	nehw	,hcihw	Me	yetsys	gninrurt-eg-eg	tsubor	of	etaerc	ot	su	s	s	snikcart	ezag-eyeyeyeyluser	eht	errusaem	eht	ederruse	eht
ederuses	eht	Suht	dna	esion	tnemeruse	secudortni	Rosnes	who	hcus	taht	ewon	ew	,revewoh	.erocs	eht	noitisop	eht	tsujda	ot	desu	Erofereht	era	srestye	yguorhs	ybbuord	drager-fo-tiosacasasasasasasasasasasasasaca	yticolev	gnidaer	eht	tuoba	snoitpmussa	sekam	ledom	gnidaer	sihT	.cisum	eht	gnimrofrep	dna	gnidaer	nehw	erocs	cisum	eht	hguorht
sessergorp	ezag-eye	s'tcejbus	a	yaw	eht	sebircsed	hcihw	ledom	gnidaer	elpmis	a	ebircsed	ew	,metsys	gninrut	egap	siht	eveihca	oT	.draobyek	eht	morf	sdnah	Eht	gnitfil	tuohtiw	of	gnimrofrep	elihw	cisusam	eht	hguorht	esshorb	ot	sworb	ot	sremrofrep	swolla	taht	metsys	gninrut	egap	ezag-eye	na	tneserp	ew	repap	siht	available	The	eye-gaze	data
required	for	the	purpose	of	this	study	was	not	recorded	during	the	study.	The	musical	sheets	used	can	be	provided,	but	these	are	sheets	which	are	readily	and	freely	available	from	various	music	libraries.	Ethics	Statement	The	studies	involving	human	participants	were	reviewed	and	approved	by	University	of	Malta.	Written	informed	consent	for
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