
	

Continue

131082055206	92731318810	2366553.7121212	25944631.935065	30118843728	71302962402	18494609760	63245956900	30564808710	57082740.470588	94944518	91480429332	84943805476	65168541.064516	95550268688

https://loheb.co.za/XSRYdR1H?utm_term=gabor+filter+tutorial+pdf+free+pdf+converter+download


Gabor	filter	tutorial	pdf	free	pdf	converter	download

2014,	8,	639–646.	So	I'm	confused	on	how	can	I	apply	gabor	filter	on	my	10	2d	image	(145	*	145)	and	how	can	I	get	all	gabor	feature	responses	stored	in	a	matrix	(samples,	gabor	features).	It	is	measured	in	decibels	(dB).	[Google	Scholar]Khan,	M.;	Mufti,	N.	The	GaborSize	determines	the	size	in	a	frequency	band,	the	Frequency	determines	the
frequency,	the	Bandwidth	tunes	the	frequency	range,	and	the	Orientation	is	the	angle	which	controls	the	angular	orientation	of	the	filter	in	the	frequency	domain.Images	show	filters	constructed	in	the	frequency	domain.	In	Equation	(20),	R	is	the	maximum	pixel	value	in	input	data.	Namuduri	et	al.	This	design	targets	to	a	Xilinx	Virtex	7	board	to	obtain
a	minimum	operating	clock	period.	It	is	important	to	note	that	the	higher	the	value	of	PSNR	and	lower	the	value	of	MSE,	the	better	the	image	quality.	Image	denoising	review:	From	classical	to	state-of-the-art	approaches.	306–309.	In	Proceedings	of	the	2016	International	Conference	on	Communication	and	Signal	Processing	(ICCSP),	Melmaruvathur,
India,	6–8	April	2016;	pp.	2021,	18,	2429–2440.	Using	e.g.	two	for-loops,	a	filter	bank	can	be	constructed	(right).	In	the	upper	image	sequence	the	displayed	grid	is	orientated	in	0°	Orientation.	An	improved	method	of	edge	detection	based	on	Gabor	wavelet	transform.	2006,	15,	1088–1099.	In	Proceedings	of	the	2006	IEEE	International	Conference	on
Acoustics	Speech	and	Signal	Processing	Proceedings,	Toulouse,	France,	14–19	May	2006;	Volume	2,	p.	Figure	3.	#For	example,	if	DAPI	contains	nuclei	information,	extract	the	DAPI	channel	image	first.	The	intensity	values	in	a	binarized	image	for	each	pixel	can	either	be	black	or	white:	0	for	black	and	1	for	white.	presented	a	novel	Gabor-based
hardware	accelerator	design	for	input	data	filtering	in	[11].	In	edge	detection	applications,	the	odd	function	of	the	Gabor	filter	is	applied	for	extracting	the	edge	particulars	of	the	image	and	for	achieving	good	robustness	results	relative	to	noise.	IEEE	Signal	Process.	This	can	be	deployed	in	edge	detectors	processors	or	denoising	processors	after
developing	a	reusable	IP	(intellectual	property).	These	metrics	of	value	close	to	one	are	desirable	for	appraising	the	given	method.	[Google	Scholar]	[CrossRef]Sengupta,	A.;	Rathor,	M.	Figure	4	shows	the	edge	information	for	image	‘Lena’	at	various	directions	and	frequencies.	Cappetta	et	al.	FPGA	optimization	of	convolution-based	2D	filtering
processor	for	image	processing.	2014,	21,	600–604.	The	better	results	in	terms	of	PSNR	and	MSE	for	the	proposed	work	are	obtained	because	the	respective	image	is	denoised	using	the	proposed	Gabor	filter	before	edge	detection.	This	enables	usage	of	the	Gabor	filter	in	image	denoising	and	edge	detection	applications.	Figure	6.	The	kernel	size	can
be	of	any	size	such	as	3	×	3,	7	×	7	,	9	×	9	,	15	×	15	…	31	×	31	,	33	×	33	and	so	on.	Proposed	architecture	of	the	Gabor	filter	model.	Department	of	Electronics	and	Communications	Engineering,	GMR	Institute	of	Technology	Rajam,	Srikakulam	532127,	AP,	India	Department	of	Computer	Science,	Faculty	of	Computer	Science	and	Telecommunications,
Cracow	University	of	Technology,	31-155	Krakow,	Poland	Institute	of	Theoretical	and	Applied	Informatics,	Polish	Academy	of	Sciences,	44-100	Gliwice,	Poland	Authors	to	whom	correspondence	should	be	addressed.	addressed	a	design	criterion	for	one-dimensional	(1D)	Gabor	filter-based	edge	detector	and	presented	the	performance	analysis	for	a
two-dimensional	(2D)	GF-based	edge	detector,	which	was	also	discussed	and	holds	true.	The	PSNR	determines	the	peak-SNR	between	two	images.	2017,	12,	1–12.	Inst.	*	np.pi	for	sigma	in	(1,	3,	5,	7):	#Sigma	with	values	of	1	and	3	for	lamda	in	np.arange(0,	np.pi,	np.pi	/	4):	#Range	of	wavelengths	for	gamma	in	(0.05,	0.5):	#Gamma	values	of	0.05	and
0.5	gabor_label	=	'Gabor'	+	str(num)	#Label	Gabor	columns	as	Gabor1,	Gabor2,	etc.	Or	9	for	others	phi	=	0	#0.8	for	hidden	image.	[Google	Scholar]Gabor,	D.	Thus,	it	can	be	seen	that	the	proposed	method	has	a	high	value	in	terms	of	PSNR	and	less	MSE	for	all	the	input	images	compared	with	the	previous	reported	designs.	If	it	is	within	the	upper
and	lower	threshold	range,	then	consider	that	it	has	an	edge;	if	not	consider,	it	has	zero	edges.	Image	quality	assessment	and	comparison.	The	Equation	(5)	represents	the	convolution	between	S	(	x	,	y	)	and	W	(	x	,	y	)	where,	S	(	x	,	y	)	and	W	(	x	,	y	)	are	expressed	as	in	Equations	(6)	and	(7).	As	the	value	of	γ	becomes	lower,	the	filter	becomes	closer	to
the	pixel	size,	while	a	larger	value	will	correlate	the	filter	to	the	image’s	size.	If	the	value	that	occurs	is	at	the	maximum,	then	it	is	utilized,	or	else	it	becomes	zero.Finally	in	the	image	fusion	process,	the	detected	images	at	different	scales	and	different	directions	contain	different	edge	information.	Part	B	(Cybern.)	2009,	39,	1036–1047.	Figure	2
shows	the	grey	image	for	the	given	input	test	image.	The	popularity	of	the	Gabor	filter	is	involved	in	many	applications	such	as	texture	classification,	object	recognition	[4],	iris	recognition	techniques,	edge	and	corner	detection	[5],	visual	search	(VS),	gait	analysis,	image	segmentation,	speech	recognition	and	also	in	multimedia	processing
applications,	where	the	performance	of	the	mammalian	visual	cortex	cells	is	well	illustrated	mostly	due	to	the	family	of	filters	[6].During	the	last	few	decades,	the	obtainability	of	new	electronic	devices	underwent	crucial	development	in	many	fields.	FPGA-accelerated	anisotropic	diffusion	filter	based	on	SW/HW-codesign	for	medical	images.	The
algorithm	that	offers	the	highest	values	of	SSIM	is	considered	the	best	one.	Gabor	filter-based	edge	detection	process.	A	modified	low	power	architecture	for	Gabor	filter.	Here,	the	fundamental	aim	of	image	denoising	is	edge	preservation	by	eliminating	noisy	pixels	[27].	In	Proceedings	of	the	2010	18th	International	Conference	on	Geoinformatics,
Beijing,	China,	18–20	June	2010;	pp.	[8]	reported	a	state-of-the-art	architecture	for	the	processing	of	high	dynamic	range	(HDR)	version	images	from	a	low	dynamic	range	image	(multiresolution),	which	can	process	the	images	of	various	resolutions	obtained	from	an	image	sensor.	In	most	image	processing	applications,	the	Gabor	function	is	widely
adopted	for	image	filtering	[3].	IJ	Image	Graph.	Such	applications	need	denoising	to	have	an	effective	analysis	of	the	image	and	the	diagnosis.	Figure	2.	In	International	Conference	on	Artificial	Neural	Networks;	Springer:	Berlin/Heidelberg,	Germany,	2005;	pp.	It	is	observed	that	the	proposed	design	is	more	competitive	in	its	performance	with	high
PSNR	and	less	MSE	values.	The	Gabor-based	filtering	technique	adopted	in	work	is	aimed	for	image	filtering	in	order	to	extract	edges.	proposed	three	different	designs	of	GF	for	medical	imaging	applications	with	trade-offs	between	various	specifications.	PSNR	and	MSE	results	are	calculated	for	each	image	in	Table	1	with	the	help	of	Equations	(19)
and	(20).	The	proposed	framework	is	presented	in	Section	3.	The	PSNR	value	for	‘Flower’	image	is	9.2483,	and	the	MSE	value	is	7.7920	×	103.	[Google	Scholar]	[CrossRef]Sujatha,	C.;	Selvathi,	D.	Humpire-Mamani	et	al.	The	proposed	model-based	design	can	be	used	as	a	reusable	IP	for	any	signal	processing	or	image	processing	integrated	circuit.
The	histogram	calculated	for	the	images	produces	a	graph	between	intensity	levels	on	the	X-axis	and	the	number	of	pixels	on	the	Y-axis.	J.	D.	The	theoretical	background	of	the	work	is	focused	on	in	Section	2.	The	final	edge-detected	image	is	shown	in	Figure	2.	Histogram	for	original	image,	Gabor	filtered	image	and	the	image	after	Edge	detection.
Edge	detection	from	high-resolution	remotely	sensed	imagery	based	on	Gabor	filter	in	frequency	domain.	JOSA	A	1985,	2,	1160–1169.	As	shown	in	Figure	3,	in	preliminary	image	edge	detection,	the	pre-processed	image	and	the	created	multi-scale	and	multi-directional	Gabor	kernel	are	convoluted	to	obtain	edge	patterns	in	various	orientations	at
different	frequencies.	The	manifold	applications	of	this	filter	include	document	image	processing:	Gabor	features	can	be	used	for	identifying	the	script	of	a	word	in	a	multilingual	document	or	to	differentiate	text	from	images	on	documents.	[Google	Scholar]	[CrossRef]Mehrotra,	R.;	Namuduri,	K.R.;	Ranganathan,	N.	These	values	are	applied	in	the
kernel	function	for	the	respective	parameter.	The	design	of	this	architecture	is	performed	in	line	with	the	study	of	the	Gabor	kernel	function	presented	in	Section	3.	Video	Technol.	Figure	6.	Figure	5	shows	the	architecture	for	Gabor	filter	module	where	each	block	represents	a	part	of	GF.	[Google	Scholar]	[CrossRef]Rajan,	S.;	Chenniappan,	P.;
Devaraj,	S.;	Madian,	N.	The	performance	comparison	and	result	analysis	are	discussed	in	Section	5.	132–135.	Table	3.	FSIM:	A	feature	similarity	index	for	image	quality	assessment.	By	applying	different	images	to	the	proposed	design,	it	is	observed	that	the	PSNRs	of	10.4857/9.2483/11.8913/12.3414/12.0976	dB	and	MSE	of	5.8602	×	10	3	/	7.7920	×
10	3	/	4.2398	×	10	3	/	3.8224	×	10	3	/	4.0431	×	10	3	and	so	on	are	obtained	for	Gabor	filter-based	edge	detection	images	and	compared	with	the	theoretically	expected	values.	Man,	Cybern.	The	even	function	represents	the	real	part	of	the	Gabor	function,	while	the	odd	one	represents	the	imaginary	part.From	Equation	(2),	the	real	part	of	Gabor
function	and	imaginary	part	are	rearranged	as	(3):	where	Equation	(4)	provides	the	highest	response	of	the	filter	by	controlling	the	Gabor’s	filter	central	frequency	(	f	0	)	.	Figure	7.	From	Table	3,	it	can	be	observed	that	the	values	of	L2ART	and	SSIM	are	better	compared	to	the	other	methods	since	the	respective	values	of	the	proposed	methods	are
closest	to	one	among	all	methods.	The	extracted	borders	have	been	scaled	for	visibility	reasons.	You	can	download	the	paper	by	clicking	the	button	above.	The	histograms	for	the	original	images	for	‘Apple’,	‘Flower’	and	‘Lena’	are	shown	in	Figure	7.	The	evaluation	of	the	filter	has	been	performed	with	the	use	of	various	medical	images.	A	cosine
generator	is	used	to	obtain	c	o	s	(	2	π	x	θ	λ	+	ψ	)	as	shown	in	Equation	(18).	The	same	process	is	carried	out	for	the	imaginary	part	also	but	by	replacing	the	Cosine	generator	with	a	Sine	generator,	which	is	used	for	edge	detection.	Circuits	Syst.	The	Gabor	filter	edge	detection	method	has	a	high	capability	in	detecting	edges	than	other	edge	detection
operators.	The	obtained	image	will	provide	the	edge	information	for	particular	data	set	input	images	at	different	scales	and	directions	shown	in	Figure	4.	In	Proceedings	of	the	2012	25th	IEEE	International	Symposium	on	Computer-Based	Medical	Systems	(CBMS),	Rome,	Italy,	20–22	June	2012;	pp.	Taharim	demonstrated	an	approach	to	improve	the
fingerprint	image	by	the	application	of	Gabor	filters	and	reported	its	hardware	implementation	using	Verilog	HDL	in	[24].Carmine	Cappetta	et	al.	Figure	4.	The	kernel	bands	move	either	to	the	right	side	or	the	left	side	as	Gabor	filters	are	utilized	as	a	bank	of	filters	to	find	the	number	of	filters	in	the	bank.	[Google	Scholar]	Figure	1.	Implementing
Gabor	filter	for	fingerprint	recognition	using	Verilog	HDL.	In	Section	4,	the	proposed	architecture	of	the	Gabor	filter	is	presented.	Here	only	2	theta	values	0	and	1/4	.	In	[28],	R.	[Google	Scholar]Patil,	P.P.R.	Image	Edge	Detection	Techniques	using	MATLAB	Simulink.	The	entire	architecture	of	the	filter	module	is	carried	out	in	a	block-by-block
process.	Vehicle	verification	using	Gabor	filter	magnitude	with	gamma	distribution	modeling.	[18].	1946,	93,	429–441.	In	International	Conference	on	Computer	Science	and	Information	Technology;	Springer:	Berlin/Heidelberg,	Germany,	2012;	pp.	Edge	information	in	different	directions	of	the	image	is	detected	by	constructing	the	filter	banks	with
various	scales	and	directions	with	the	parameters	described,	then	the	non-edge	points	are	suppressed,	and	the	edge	information	is	combined	in	different	directions	to	obtain	complete	edge	information.	Obfuscated	Hardware	Accelerators	for	Image	Processing	Filters—Application	Specific	and	Functionally	Reconfigurable	Processors.	Moreover,
hardware	models	for	realizing	various	parameters	involved	in	the	Gabor	function	are	also	presented.	Moreover,	this	design	can	be	integrated	for	applications	of	hardware	accelerators	such	as	bit-level	computations,	signal	processing	and	image	processing.	In	[22],	K.	Appl.	An	exponential	module	isused	to	obtain	the	term	shown	in	Equation	(17)	from
Equation	(16).	Furthermore	we	differentiated	images	from	text	on	a	stamp	catalogue.	[Google	Scholar]Ansari,	M.A.;	Kurchaniya,	D.;	Dixit,	M.	Face	detection	using	convolutional	neural	networks	and	Gabor	filters.	620–630.	Optimal	design	of	a	Gabor	filter	for	medical	imaging	applications.	Moreover,	hardware	models	for	realizing	the	fractional	values
of	various	parameters	involved	in	the	Gabor	function	are	also	presented.	Its	value	is	determined	in	the	range	of	[−180°	to	180°];	among	them,	the	values	identical	to	0°	and	180°	are	equal	to	origin	and	the	equations	−90°	to	90°	are	symmetrical	about	the	center.The	ratio	of	σ	λ	represents	the	bandwidth	of	the	half-response	spatial	frequency	of	the
filter	that	differs	between	upper	and	lower	frequencies.	If	the	GaborSize	is	adjusted	from	the	default	value	1.4	(left)	to,	e.g.	50,	a	representation	of	a	Gabor	kernel	in	the	frequency	domain	can	be	constructed	(middle)	which	has	the	familiar	look	of	the	Gabor	filters	found	in	literature.	Int.	A	comprehensive	analysis	of	image	edge	detection	techniques.
Gabor	filter	and	edge	detection	techniques	on	various	original	images.	S.	The	inverted	image	is	used	in	order	to	filter	the	transition	black	to	white.From	left	to	right:	original	image,	FFT,	Gabor	filter,	filtered	and	scaled	result	of	the	filtering.	In	[20],	it	has	been	shown	that	by	considering	central	frequencies	of	(	f	0	)	=	0.2	cycle/pixels,	the	blurring	effect
is	minimized	and	also	compensates	the	above	constraints.Gamma	γ	is	the	sharpness	through	the	longer	axis	of	the	Gaussian,	which	controls	the	filter	height,	whereas	η	is	the	sharpness	of	the	Gaussian	across	the	shorter	axis.	Consum.	A	MATLAB	model	for	the	proposed	denoising	hardware	accelerator	is	simulated	and	performance	is	measured	in
terms	of	the	peak-signal-to-noise	ratio,	mean	square	error,	histograms	and	compared	with	algorithm	level	performance	reported	in	the	literature.	The	image	obtained	here	is	I	(	x	,	y	)	where	the	spatial	coordinates	x	and	y	will	later	undergo	a	filtering	process	with	kernel	functions.	Multimed.	#Multiple	images	can	be	used	for	training.	Part	1:	The
analysis	of	information.	The	Gabor	filter	is	an	effective	linear	filter	that	requires	intensive	calculations	in	the	filtering	of	an	image.	It	is	observed	that	the	proposed	hardware	architecture	design	is	consistent	with	the	performance	of	the	mathematical	models	reported	in	the	literature.The	paper	is	organized	as	follows.	[Google	Scholar]
[CrossRef]Kayalvizhi,	E.;	Sasirekha,	N.	Gabor	filters	which	are	well	known	in	the	realm	of	time	series	analyses	can	also	be	used	in	HALCON	for	2D	image	analysis.	The	PSNR	and	MSE	metrics	of	these	edge	detected	images	compared	to	the	original	images	are	discussed	in	Section	5.This	section	describes	the	hardware	architecture	of	the	Gabor	filter
module.	For	every	change	in	parameter	value,	a	change	in	the	output	image	will	occur.	Otherwise	leave	it	to	0	kernel	=	cv2.getGaborKernel((ksize,	ksize),	sigma,	theta,	lamda,	gamma,	phi,	ktype=cv2.CV_32F)	kernels.append(kernel)	#Now	filter	the	image	and	add	values	to	a	new	column	fimg	=	cv2.filter2D(img2,	cv2.CV_8UC3,	kernel)	filtered_img	=
fimg.reshape(-1)	cv2.imwrite('images/gabor_filtered_images/'+gabor_label+'.jpg',	filtered_img.reshape(img.shape))	df[gabor_label]	=	filtered_img	#Labels	columns	as	Gabor1,	Gabor2,	etc.	Kamarainen	et	al.	Data	curation,	Formal	analysis,	Investigation,	V.D.	(Virodhi	Dakshayani);	Methodology,	Conceptualization,	Supervision,	G.R.L.;	Supervision,	P.P.;
Investigation,	Supervision,	V.D.	(Venkataramana	Datti);	Investigation,	C.K.	All	authors	have	read	and	agreed	to	the	published	version	of	the	manuscript.This	research	received	no	external	funding.Data	is	contained	within	the	article.The	authors	declare	no	conflict	of	interest.Guo,	J.M.;	Prasetyo,	H.;	Wong,	K.	For	every	transverse	of	this	parameter,	it
provides	different	features	and	extractions	from	the	image.	These	parameters	are	described	below.The	size	of	the	kernel	of	the	Gabor	filter	is	denoted	by	k	size.	[Google	Scholar]	[CrossRef]	[PubMed]Licciardo,	G.D.;	Cappetta,	C.;	Di	Benedetto,	L.	Inf.	[Google	Scholar]	[CrossRef]Hu,	H.	423–427.	In	[9],	Lubna,	M.	Ke	Wang	et	al.	In	[25],	Amira	Hadj
Fredj	and	Jihene	Malek	implemented	a	high-level	synthesis	on	a	Zedboard	platform,	in	this	design,	a	DMA	peripheral	has	been	chosen	to	optimize	hardware	acceleration.	Image	processing	systems	play	a	crucial	role	in	applications	such	as	the	Internet	of	Things	(IoT)	and	deep	learning	[1,2].	[Google	Scholar]	[CrossRef]Kamarainen,	J.K.;	Kyrki,	V.;
Kälviäinen,	H.	Here	is	one	interested	code	that	I	have	found	which	applies	gabor	filter	on	an	image	and	then	stored	all	the	gabor	feature	responses	in	a	dataframe	to	be	used	then	for	machine	learning	purpose.	By	modulating	the	Gaussian	kernel	function	with	a	sinusoidal	wave,	edges,	textures	and	feature	extractions	can	be	found	easily	with	the	use	of
a	Gabor	filter.The	general	function	for	a	2D	Gabor	filter	in	the	spatial	domain	is	defined	by	the	following	expression.	Everything	I've	read	about	extracting	features	with	gabor	filters	calls	for	the	use	of	images	as	input,	while	in	my	case,	I	have	the	matrix	representation	of	such	image	in	a	shape	of	(145,145,10).	[Google	Scholar]Kamarainen,	J.K.;	Kyrki,
V.;	Kalviainen,	H.	import	numpy	as	np	import	cv2	import	pandas	as	pd	#img	=	cv2.imread('BSE_Image.jpg')	img	=	cv2.imread('images/synthetic.jpg')	img	=	cv2.cvtColor(img,	cv2.COLOR_BGR2GRAY)	#Here,	if	you	have	multichannel	image	then	extract	the	right	channel	instead	of	converting	the	image	to	grey.	Block	diagram	of	the	proposed	Image
Denoising	using	the	Gabor	Filter.	In	Proceedings	of	the	2016	8th	Computer	Science	and	Electronic	Engineering	(CEEC),	Colchester,	UK,	28–30	September	2016;	pp.	presented	a	comparison	of	various	edge	detection	filters	with	the	use	of	variant	pre-processing	techniques.	2014,	3,	2149–2153.	We	showed	how	the	Gabor	filter	can	be	used	to
automatically	follow	the	angle	of	a	periodic	shape	of	the	image	and	extract	features	with	a	filter	bank.	Frequency	and	orientation	expressions	of	the	Gabor	filter	are	identical	to	that	of	a	human	visual	system,	and	it	is	specifically	applicable	for	texture	characterization	and	differentiation.	From	Equation	(2),	the	geometric	coordinates	of	the	Gabor
kernel	are	x	and	y;	f	0	is	the	central	frequency	at	a	certain	point;	θ	is	the	rotation	angle	for	a	specific	orientation	of	both	the	major	axes	of	Gaussian	function	and	the	plane	wave;	and	the	spatial	aspect	ratio	is	denoted	by	γ	,	which	specifies	the	ellipticity	of	the	Gaussian	across	the	major	axis.The	Gabor	filter	represents	the	orthogonal	direction	with	the
complex	component.	In	the	next	step	of	image	non-maximum	suppression,	the	comparison	is	performed	between	two	points	that	are	close	to	each	point	of	the	image	with	the	image	obtained	in	the	preliminary	edge	detection	process.	Histogram	outputs	for	the	images	applied	with	Gabor	filter	are	shown	in	Figure	7.	The	aggregate	value	comes	from
both	Equations	(17)	and	(18)	multiplied	to	provide	a	2D	Gabor	filter	equation	for	the	real	part	in	Equation	(10).	Robustness	of	Gabor	Feature	Parameter	Selection;	MVA,	2002;	pp.	In	this	paper,	an	image	denoising	hardware	accelerator	model	is	mapped	from	the	Gabor	filter	function.	In	Equations	(12)	and	(13),	σ	indicates	the	standard	deviation	of	the
Gaussian	factor	of	the	Gabor	filter.	The	x	θ	2	σ	2	is	obtained	by	passing	x	θ	2	through	1	σ	2	as	shown	in	Equation	(14),	An	adder	is	used	to	obtain	x	θ	2	+	γ	2	y	θ	2	σ	2	as	represented	in	Equation	(15).	By	selecting	the	appropriate	Gabor	function,	different	scales	and	directional	features	can	be	recognized	from	the	input	image.	Available	online:
(accessed	on	22	March	2022).Jiang,	W.;	Lam,	K.M.;	Shen,	T.Z.	Efficient	edge	detection	using	simplified	Gabor	wavelets.	The	following	observations	were	made	in	this	comparison	with	respect	to	the	proposed	design:An	operating	frequency	is	at	its	maximum	in	FPGA	and	std_cell	implementation	[18,19,20];Performance	of	edge	detection	is	better	in	the
proposed	design	compared	to	other	edge	operators	[29,30,31,32];The	evaluation	of	the	design	in	terms	of	PSNR	and	MSE	is	considered	with	other	edge	detection	methods	[30,31,32,33,34].In	Table	2,	the	proposed	work	is	compared	with	the	relevant	existing	works	in	terms	of	PSNR	and	MSE	measures	to	assess	the	quality	of	the	edge	detected	image.
Figure	3.	Theor.	reported	a	2D	Convolution	based	filtering	of	images	and	videos	by	using	hardware	architectures	for	visual	applications.	A	Novel	Image	Edge	Detection	Method	Using	Simplified	Gabor	Wavelet.	Convolution	process	takes	place	between	input	images	and	the	filter	kernel	to	form	the	filtered	image.The	steps	involved	in	Gabor	filter	based
edge	detection	process	are	illustrated	in	Figure	3.	The	kernel	size	can	either	be	a	smaller	or	larger	size;	by	the	use	of	a	smaller	sized	kernel,	the	images	appear	to	find	some	particular	features	where	kernels	with	larger	size	handles	larger	objects.	1–6.	For	better	understanding	the	purpose	of	the	design	architecture,	[	x	′	,	y	′	]	is	denoted	as	[	x	θ	,	y	θ	]
and	their	values	are	given	by	Equation	(4).	2013,	23,	1274–1286.	In	Proceedings	of	the	2017	7th	IEEE	International	Workshop	on	Advances	in	Sensors	and	Interfaces	(IWASI),	Vieste,	Italy,	15–16	June	2017;	pp.	k-Gabor:	A	new	feature	extraction	method	for	medical	images	providing	internal	analysis.	Gabor	in	[3].	Signal	Process.	Licensee	MDPI,	Basel,
Switzerland.	[Google	Scholar]Humpire-Mamani,	G.;	Traina,	A.J.;	Traina,	C.	The	ratio	is	measured	between	the	original	image	and	the	compressed	image	or	reconstructed	image.	192–197.	The	Gabor	filter	is	named	after	Dennis	Gabor,	which	basically	determines	the	frequency	components	of	the	image	with	a	particular	orientation	in	a	localized	region
around	the	point	or	region	of	evaluation.	In	[6],	G.	[Google	Scholar]	[CrossRef]Cappetta,	C.;	Licciardo,	G.D.;	Di	Benedetto,	L.	Figure	5.	Design	Criteria	for	Real-time	Processing	of	HW	Gabor	Filters	in	Visual	Search.	The	σ	value	varies	with	bandwidth	b,	and	it	cant	be	set	instantaneously.	Enhanced	gabor	feature	based	classification	using	a	regularized
locally	tensor	discriminant	model	for	multiview	gait	recognition.	Very	Large	Scale	Integr.	[Google	Scholar]	[CrossRef]Kwolek,	B.	kayalvizhi	et	al.	Goyal,	Bhawna	and	Ayush	Dogra	et	al.	IEEE	Trans.	The	MATLAB	model	of	the	proposed	hardware	accelerator	is	simulated	and	performance	is	assessed	in	terms	of	PSNR,	MSE,	and	Histogram	calculations.
It	offers	less	memory	usage,	low	power	consumption,	improved	noise	reduction	and	improved	data	transfer	rate.	The	Gabor	filter	uses	many	parameters	that	can	be	tuned	or	changed	to	extract	useful	information.	Thus,	the	output	equation	occurring	for	the	2D	imaginary	part	of	the	Gabor	filter	is	obtained	by	multiplying	Equation	(17)	along	with	s	i	n	(
2	π	x	θ	/	λ	+	ψ	)	.This	section	presents	the	implementation	and	performance	comparisons,	among	the	various	methods	discussed	in	the	literature.	©	2022	by	the	authors.	Gabor-based	edge	detection	is	performed	to	form	inner	and	outer	edges	of	the	given	input	image.	MSE	is	calculated	by	the	formula	provided	in	Equation	(19):	where	M	and	N	are	the
rows	and	columns	of	the	image,	I	1	is	the	original	image	and	I	2	is	the	compressed	image.	The	PSNR	and	MSE	values	gained	for	image	‘Lena’	is	11.8913	and	4.2398	×	103;	for	the	remaining	input	images,	the	output	values	are	given	in	Table	1.The	hardware	architecture	of	the	proposed	design	is	compared	with	different	designs	reported	in	the
literature,	as	shown	in	Table	2.	Certain	features	can	be	emphasized	or	removed	by	filtering	an	image	with	the	help	of	filtering	techniques.	In	Proceedings	of	the	2017	International	Symposium	on	Signals,	Circuits	and	Systems	(ISSCS),	Iasi,	Romania,	13–14	July	2017;	pp.	Finally,	Section	6	concludes	the	work.The	Gabor	Filter	is	a	linear	filter	for	which
its	impulse	response	is	determined	by	a	sinusoidal	wave	(i.e.,	a	level	of	2D	Gabor	filters)	convoluted	by	a	Gaussian	function.	Image	processing	is	performed	to	obtain	an	enhanced	image	or	a	set	of	characteristics	or	features	of	the	input	image.	Harikumar	et	al.	Figure	8.	If	the	kernel	size	exceeds	31	(i.e.,	k	size	=	31),	then	no	change	is	seen	in	the
filtered	image	by	showing	some	invariance.	X	label	in	each	histogram:	intensity	level;	Y	label	in	each	histogram:	number	of	pixels	against	the	intensity	level.	The	edge	of	the	image	mainly	represents	a	boundary	between	the	image	and	the	background.	[Google	Scholar]	[CrossRef]	[PubMed]Licciardo,	G.D.;	D’Arienzo,	A.;	Rubino,	A.	Hardware
accelerator	using	Gabor	filters	for	image	recognition	applications.	pi	theta	=	theta	/	4.	As	seen	in	Table	2,	PSNRs	of	10.4857,	9.2483,	11.8913,	12.3414	and	12.0976	dB	were	obtained	for	the	images	apple,	flower,	Lena,	sunflower	and	the	statue	of	liberty	and	mean	square	errors	of	5.8602	×	10	3	,	7.7920	×	10	3	,	4.2398	×	10	3	,	3.8224	×	10	3	and
4.0431	×	10	3	,	respectively,	were	obtained.	IET	Image	Process.	[Google	Scholar]	[CrossRef]	[PubMed]Zhang,	W.C.;	Wang,	F.P.;	Zhu,	L.;	Zhou,	Z.F.	Corner	detection	using	Gabor	filters.	From	Figure	2,	it	is	seen	that	the	images	of	an	apple,	flower,	the	statue	of	liberty,	sunflower	and	lena	extract	thick	edges	from	the	input	image.	The	Structural
Similarity	Index	Metric	(SSIM)	measures	the	similarity	of	edge	images	with	the	original	images.	Real-Time	Image	Process.	[Google	Scholar]Licciardo,	G.D.;	Cappetta,	C.;	Di	Benedetto,	L.	A	lower	value	of	MSE	provides	better,	high-quality	images	with	lower	errors.	1992,	25,	1479–1494.	Electr.-Eng.-Part	III	Radio	Commun.	This	article	is	an	open	access
article	distributed	under	the	terms	and	conditions	of	the	Creative	Commons	Attribution	(CC	BY)	license	(	.	2019,	13,	1031–1040.	1–4.	Figure	8.	A	right	shifter	is	used	to	obtain	the	term	shown	in	Equation	(16)	from	the	term	shown	in	Equation	(15).	Images	are	characterized	by	various	parameters	such	as	object	contour,	orientation,	size	and	color.
print(gabor_label,	':	theta=',	theta,	':	sigma=',	sigma,	':	lamda=',	lamda,	':	gamma=',	gamma)	num	+=	1	#Increment	for	gabor	column	label	print(df.head())	Loading	PreviewSorry,	preview	is	currently	unavailable.	The	value	of	λ	can	be	more	than	or	equal	to	2	but	not	more	than	1	5	th	of	input	image	dimensions.	The	operations	dealing	with	image
processing	are	executed	with	filtering	process	such	as	smoothing,	sharpening	and	edge	enhancement,	which	improves	the	quality	of	an	image	by	rectifying	blurred	images,	reducing	noise	and	edge	detection.	The	Gabor	filter	needs	the	complex	part	of	the	image	to	work.	Large	images	obtain	different	outputs;	moreover,	at	a	certain	point,	large	kernel
sizes	show	no	variance	in	the	filtered	image	(it	almost	matches	with	the	input	image);	this	is	known	as	the	Gaussian	blurring	effect.Theta	θ	rotates	at	different	angles	at	a	particular	direction	of	the	filter	within	the	sinusoidal	wave.	The	limitations	of	the	design	are	as	follows:	On-chip	memories	are	needed	because	the	input	images	are	buffered	when
edge	detection	is	performed	with	hardware	accelerators.	The	MATLAB	model	for	the	proposed	denoising	hardware	accelerator	is	simulated	and	the	performance	is	measured	in	terms	of	the	peak-signal-to-noise	ratio,	mean	square	error	and	compared	to	the	benchmark	performance	reported	in	the	literature.	Gabor	filter-based	edge	detection.	The
blurring	effect	decreases	for	higher	values,	which	resembles	the	kernel	behavior	with	small	heights	of	the	filter.	Image	Process.	The	numerical	outputs	obtained	from	the	proposed	design	are	validated	in	the	MATLAB	environment.	Figure	6,	clearly	shows	the	various	parameters	determined	with	a	particular	value	and	presented	with	its	binary	weight
representation.The	real	part	of	the	filter	as	represented	in	Equation	(10)	smooths	the	image	while	the	imaginary	part	is	used	for	edge	detection.	Histograms	for	the	same	output	images	from	the	proposed	design	and	from	theoretical	simulation	are	acquired	to	study	the	frequency	of	pixel	intensities	and	compared.	That	way	the	filtering	can	be
automated	according	to	the	image	content.The	angle	for	the	filter	rotation	was	extracted	with	lines_gauss	and	a	smallest_rectangle2_xld	applied	on	the	black	spaces	in	between.	In	Proceedings	of	the	2016	Sixth	International	Conference	on	Innovative	Computing	Technology	(INTECH),	Dublin,	Ireland,	24–26	August	2016;	pp.	This	filter	provides	better
results	in	such	cases,	such	as	extracting	the	edges	of	facial	features	of	an	human	beings,	animals	or	any	other	object.	In	Proceedings	of	the	2009	5th	International	Colloquium	on	Signal	Processing	&	Its	Applications,	Kuala	Lumpur,	Malaysia,	6–8	March	2009;	pp.	228–232.	While	in	the	literature	the	kernel	representation	of	a	Gabor	filter	dominates,	the
filter	in	HALCON	is	conveniently	implemented	in	the	frequency	domain.The	standard	workflow	in	HALCON	is	to	convert	the	image	to	its	frequency	domain	first	and	then	apply	the	filter	on	it.	A	statistical	analysis	for	the	input	images	that	are	tested	has	been	achieved	in	the	parameters	by	changing	its	orientation,	illumination,	expression,	edge
enhancement	and	background.	This	is	nothing,	but	more	information	can	be	gathered	when	the	kernel	moves	through	the	image.The	Gabor	filtering	is	a	popular	method	used	for	texture	feature	analysis	and	it	can	be	realized	by	performing	convolution	on	the	Gaussian	function	with	trigonometric	functions	in	a	two-dimensional	space.	At	the	end,	all
edges	of	the	image	are	concatenated	to	obtain	edge	information.The	images	shown	in	Figure	2	are	selected	for	edge	detection.	Below	the	grid	is	slightly	tilted	and	the	filter	automatically	rotates	the	result	if	the	rotation	angle	is	given	to	the	filter.	The	Gabor	filter	is	a	set	of	band	pass	filters	that	compute	within	a	frequency	range	to	accept	or	reject	the
computations	performed	on	the	filter.	The	image	becomes	more	clearer	when	λ	reaches	a	larger	value.	Here,	the	performance	was	analyzed	by	filtering	with	various	noises	and	by	comparing	with	median	filters.	Syst.	Input	image	I	(	x	,	y	)	is	convolved	with	Gabor	kernel	coefficient	g	b	(	x	,	y	)	to	form	a	filtered	image	F	(	x	,	y	)	.	Theory	of
communication.	A	larger	value	of	PSNR	provides	a	good	quality	image.MSE	calculates	the	average	squared	error	between	the	compressed	image	and	the	original	image.	[Google	Scholar]Negi,	N.;	Mathur,	S.	In	[10],	G.	The	X-axis	contains	all	gray	levels	and	the	Y-axis	denotes	the	number	of	pixels	that	have	a	particular	gray-level	value.The	Gabor	filter
is	a	better	feature	detection	method	in	which	it	produces	thick	edges.	Mehrotra	et	al.	F.	In	the	architecture	representation	of	Equation	(4),	[	x	′	,	y	′	]	includes	the	spatial	coordinates	and	[	x	,	y	]	denotes	the	coordinates	of	the	input	image	pixel;	‘	θ	’	is	the	angle	at	particular	orientation	from	0	to	360	degrees.	Image	quality	assessment	(IQA)	metrics	such
as	L2AR	and	SSIM	for	the	proposed	method	are	calculated	and	compared	with	the	benchmark	methods	where	the	proposed	method	showed	better	performance.	PSNR	represents	the	peak	error.	Here,	L2RAT	is	the	ratio	of	the	squared	norm	of	the	approximated	edge	image	to	the	original	image.	Comparison	of	various	edge	detection	filters	for	ANPR.
explored	a	technique	with	the	help	of	Canny’s	measures	to	analyze	the	performance	of	Gabor	edge	detection.	It	is	observed	that	the	proposed	hardware	architecture	model	showed	better	performance	compared	to	the	mathematical	models	reported	in	the	literature.	In	biomedical	systems,	the	invasion	of	noise	into	imaging	such	as	Ultrasound,	CT	scan,
MRI	scan,	etc.,	is	inevitable	at	the	stages	of	image	capture,	data	acquisition	and	transmission.	[Google	Scholar]	[CrossRef]	[PubMed]Chen,	G.H.;	Yang,	C.L.;	Po,	L.M.;	Xie,	S.L.	Edge-based	structural	similarity	for	image	quality	assessment.	H.	Likewise,	frequencies	with	more	than	0.2	cycle/pixels	and	filters	with	narrow	bandwidths	are	required	for
undesired	excess	sampling	of	the	kernel	with	reference	to	the	grid	persistence	of	the	input	image.	In	Recent	Advances	in	Electrical	Engineering	And	Electronic	Devices;	WSEAS:	Geneva,	Switzerland,	2014;	pp.	However,	the	key	limitation	is	the	degradation	of	hardware	performance	due	to	a	truncation	or	rounding	of	the	sample’s	word	length.	[Google
Scholar]Wang,	K.;	Chen,	B.;	Wu,	G.	However,	this	filtering	method	does	not	provide	a	proper	appearance	of	the	image,	but	it	produces	unique	patterns	for	different	image	expressions	and	produces	thick	edges	as	discussed.	The	Gabor	filter	is	widely	adapted	in	various	image	processing	applications	for	feature	extraction,	texture	analysis,	pattern
analysis,	etc.	[Google	Scholar]	[CrossRef]Licciardo,	G.D.;	Cappetta,	C.;	Di	Benedetto,	L.	Figure	4.	proposed	an	algorithm	for	a	low-power	architecture	of	2D	Gabor	filter.	In	Proceedings	of	the	Fourth	International	Conference	on	Signal	and	Image	Processing	2012	(ICSIP	2012);	Springer:	Berlin/Heidelberg,	Germany,	2013;	pp.	Further	improvements
can	be	conducted	by	integrating	the	proposed	design	into	an	FPGA	board.	ImageMethodL2RATSSIMFSIMAppleSobel	5.64	×	10	−	7	2.00	×	10	−	6	0.032log	1.49	×	10	−	6	4.91	×	10	−	6	0.046Canny	1.90	×	10	−	6	3.47	×	10	−	6	0.823Prop.0.86960.7790.788LenaSobel	2.23	×	10	−	6	9.75	×	10	−	7	0.286log	3.62	×	10	−	6	8.04	×	10	−	6	0.754Canny	5.26
×	10	−	6	2.31	×	10	−	7	0.568Prop.0.78190.39920.383SunflowerSobel	1.84	×	10	−	6	1.19	×	10	−	6	0.054log	4.42	×	10	−	6	1.13	×	10	−	5	0.779Canny	7.98	×	10	−	6	3.66	×	10	−	6	0.13Prop.0.62180.38270.494StatueSobel	2.04	×	10	−	6	1.35	×	10	−	6	0.469log	2.48	×	10	−	6	8.61	×	10	−	6	0.337Canny	3.75	×	10	−	6	9.24	×	10	−	6
0.794Prop.0.76250.39210.393FlowerSobel	6.75	×	10	−	7	4.97	×	10	−	7	0.529log	6.86	×	10	−	7	6.61	×	10	−	7	0.602Canny	8.77	×	10	−	7	3.30	×	10	−	7	0.654Prop.0.8910.76990.737	Publisher’s	Note:	MDPI	stays	neutral	with	regard	to	jurisdictional	claims	in	published	maps	and	institutional	affiliations.	353–363.	Performance	comparison	with	existing
works.	Thus,	the	proposed	Gabor	filter-based	edge	detection	method	acquires	better	feature	detection	with	a	thick	edge	or	the	boundaries	of	an	image	compared	to	the	other	edge	operators.	Therefore,	the	Equations	(5)	can	be	expressed	as	in	Equation	(8)	Equation	(8)	can	be	further	simplified	as	in	Equation	(9)	From	Equation	(9),	and	The
significance	of	σ	,	ψ	,	γ	,	λ	,	θ	,	involved	in	the	Gabor	function	formula	can	be	defined	as	follows.	These	types	of	images	are	more	efficient	for	storage	and	are	used	in	many	applications	such	as	fingerprints,	texts,	etc.	ψ	is	the	phase	parameter	of	a	Gabor	kernel	function.	Here,	to	gain	complete	edge	information,	the	image	needs	to	be	fused.	The	Gabor
filter	is	also	used	in	medical	applications,	e.g.,	magnetic	resonance	(MR),	X-ray	computed	tomography	(CT)	scan.	focused	on	Singular	value	Decomposition	(SVD),	RBF	and	Elman	networks	for	the	categorization	of	epilepsy	risk	levels	acquired	from	code	converters	using	EEG	signals	parameters,	which	are	produced	by	morphological	operators.In	this
paper,	a	novel	architecture	for	the	Gabor	filter-based	image	denoising	hardware	accelerator	mapped	from	the	Gabor	filter	math	is	presented.	[Google	Scholar]Poobathy,	D.;	Chezian,	R.M.	Edge	detection	operators:	Peak	signal	to	noise	ratio	based	comparison.	θ	varies	from	0°–360°.	The	parameter	Lambda	(	λ	)	denotes	the	wavelength.	180–185.
Academic	Editors:	Marco	Vacca	and	Kiat	Seng	Yeo	Electronics	2022,	11(7),	1063;	Received:	21	November	2021	/	Revised:	22	March	2022	/	Accepted:	23	March	2022	/	Published:	28	March	2022	(This	article	belongs	to	the	Section	Computer	Science	&	Engineering)	The	intervention	of	noise	into	images	during	data	acquisition	and	transmission	is
inevitable.	[Google	Scholar]Available	online:	(accessed	on	20	March	2022).Zhang,	L.;	Zhang,	L.;	Mou,	X.;	Zhang,	D.	Gabor	filters	which	are	well	known	in	the	realm	of	time	series	analyses	can	also	be	used	in	HALCON	for	2D	image	analysis.	In	[5],	R.	R	=	255	,	when	image	is	8-bit	unsigned	integer	data	type.The	results	given	in	Table	1	are	obtained	for
the	images	applied	with	the	Gabor	filter-based	edge	detection	method.	Here,	each	pixel	is	a	shade	of	grey	between	black	and	white.	In	Proceedings	of	the	2018	IEEE	International	Symposium	on	Circuits	and	Systems	(ISCAS),	Florence,	Italy,	27–30	May	2018;	pp.	Figure	1.	Facial	expression	recognition	techniques:	A	comprehensive	survey.	The	Gabor
kernel	filters	the	input	image	for	certain	information.The	values	considered	various	parameters	involved	in	Gabor	filter	for	image	denoising	are	considered	as	follows:	λ	=	3.5,	θ	=	0	or	π	/4	or	π	/2	or	3	π	/4,	ψ	=	0,	σ	=	2.8,	γ	=	0.3,	and	π	=	180.	Table	2.	Based	on	this	orientation,	the	filter	will	find	features.	Res.	The	manifold	applications	of	customized
filter	banks	can	also	be	found	in	literature.The	filter	can	then	be	applied	on	the	frequency	image	and	afterwards	the	resulting	filtered	image	can	be	converted	back	into	the	image	domain:	convol_gabor	(ImageFFT,	ImageFilter,	ImageResultGabor,	ImageResultHilbert)	fft_generic	(ImageResultGabor,	ImageFFTInvert,	'from_freq',	1,	'sqrt',	'dc_center',
'byte')	Demonstration	of	an	example	application	of	a	somewhat	arbitrary	constructed	Gabor	filter	bank:	Extract	upper	left	and	lower	left	edge	of	a	cell	of	a	rotating	grid	automatically.From	left	to	right:	the	original	grid,	a	generically	constructed	example	filter	bank	(rotated	automatically),	the	convolution	with	the	frequency	image	and	the	extracted
borders.	The	most	interesting	application	of	image	processing	is	image	filtering.	Licciardo	et	al.	0597–0600.	Technol.	Eng.	184–191.	The	design	of	a	low-power	portable	system	deploys	hardware	accelerators	to	achieve	high	performance	per	watt	in	feature	extraction	and	edge	detection.	In	this	section,	representation	of	Gabor	function	and	its
application	in	image	denoising	and	edge	detection	are	presented.Considering	the	statistical	expressions	of	GF,	the	2D-Gabor	filter	can	be	represented	as	in	Equation	(1).	As	per	the	convolution	theorem,	the	Fourier	transform	(FT)	of	a	Gabor’s	filter	impulse	response	is	generated	by	convoluting	the	Fourier	transform	of	a	harmonic	function	(sinusoidal
function)	and	the	Fourier	transform	of	a	Gaussian	function.	The	Gabor	filter	is	a	linear	filter	that	performs	convolution	to	eliminate	noise.The	Gabor	filter	(GF)	minimizes	the	joint	uncertainty	for	frequency	and	spatial	orientation	[3].	Then	you	can	construct	your	Gabor	filter	or	filter	bank	(e.g.,	in	a	double	for-loop)	with	gen_gabor	(ImageFilter,
GaborSize,	Frequency+FrequencyIndex,	Bandwidth,Orientation+OrientationIndex,	'none',	'dc_center',	Width,	Height)The	filter	shape	and	orientation	in	the	frequency	domain	can	be	controlled	with	the	parameters	of	the	operator.	Figure	2.	Invariance	properties	of	Gabor	filter-based	features-overview	and	applications.	2018,	96,	6517–6525.	2018,	8,
1187–1194.	This	is	our	Feature	#1.	Table	1.	However,	at	some	angles,	certain	features	may	not	be	seen	or	found;	thus,	those	can	be	combined	with	other	different	extractions	to	expose	more	features.The	range	of	the	Gabor	filter’s	central	spatial	frequency	will	always	be	in	between	[0,	0.5]	cycle/pixels.	Khan	et	al.	Lett.	Edge	detection	models	based	on
Gabor	filters.	The	filter	bank	is	constructed	in	order	to	extract	the	borders	of	the	stamps.Using	some	region	selection	and	processing	techniques	and	applying	regiongrowing_mean	afterwards,	it	is	possible	to	construct	a	robust	stamp	extraction.Conclusion:	HALCON	offers	the	powerful	Gabor	filter	for	a	wide	range	of	applications.	Stream	processor
for	real-time	inverse	Tone	Mapping	of	Full-HD	images.	2020,	66,	386–395.	presented	a	processor	implementation	for	the	expansion	of	full-HD	LDR	images	to	HDR	to	elaborate	the	streaming	images	to	obtain	real-time	performances	[17].	These	parameters	are	determined	in	a	binary	weight	representation	by	left-shifting	and	right-shifting	the	weights
as	shown	in	Figure	6.	For	central	frequencies	less	than	0.1	cycle/pixels,	it	causes	some	breakdowns	in	characteristic	precision	due	to	improper	clearance	in	the	filtered	image.	introduced	a	method	for	detecting	edges	by	using	FFT	[23].	Gabor	filter	banks	are	also	used	for	texture	and	pattern	analysis	and	much	more.	Design	of	a	Gabor	filter	HW
accelerator	for	applications	in	medical	imaging.	presented	a	novel	low	power	multi-model	3	×	3	and	5	×	5	generic	filter	hardware	accelerators	for	applications	such	as	blurring,	embossment,	sharpening	and	edge	detection	by	changing	the	control	input.	In	Proceedings	of	the	International	Conference	on	Pattern	Recognition;	IEEE	Computer	Society
Press:	Piscataway,	NJ,	USA,	1992;	p.	These	are	depicted	in	binary	weights	in	order	to	know	the	hardware	complexity	of	the	Gabor	filter.	Feature	similarity	index	metric	(FSIM)	measures	image	quality	with	reference	to	similarity	in	features.	[Google	Scholar]Fredj,	A.H.;	Malek,	J.	A.	Figure	5.	Apart	from	the	above-considered	input	images	shown,	a	few
more	sample	images	have	been	taken	to	calculate	PSNR	and	MSE	to	make	sure	that	the	proposed	method	gains	better	values	and	obtains	high	capability	in	edge	detection,	i.e.,	to	determine	the	boundaries	of	an	image,	as	shown	in	Figure	8.In	this	paper,	PSNR	and	MSE	values	are	taken	to	compute	the	execution	of	the	edge	detection	method.	2014,
23,	2531–2539.	For	that,	you	need	to	concatenate	the	data	#Save	original	image	pixels	into	a	data	frame.	The	obtained	PSNR	and	MSE	values	obtained	for	the	image	‘Apple’	are	10.4857	and	5.8602	×	103.	The	PSNR	ratio	is	given	by	the	following	expression.	Hardware	models	for	realizing	the	fractional	values	of	parameters	involved	in	the	Gabor
function.	In	[21],	E.	The	standard	deviation	can	be	expressed	in	terms	of	the	wavelength	as	σ	=	0.56	λ	.The	block	diagram	of	the	proposed	Gabor	filter	based	image	denoising	architecture	is	shown	in	Figure	1.The	RGB	image	is	converted	to	a	grey-scale	image	at	pre-processing	stage	where	a	pixel	size	of	8-bits	is	chosen	to	have	the	range	of
quantization	levels	from	0	to	255.	presented	a	methodology	for	the	identification	of	two-dimensional	(2D)	fixed	entities	such	as	orientation,	illumination,	scale	and	translation.	Here,	both	the	arithmetic	and	memory	modules	were	also	developed	to	reduce	the	mapped	resources	and	to	improve	the	throughput.	Results	of	PSNR	and	MSE	values	for
different	image	datasets	applied	with	the	Gabor	filter-based	edge	detection.	Fusion	2020,	55,	220–244.	R.	In	[20],	G.	Based	on	the	statistical	expressions	and	the	parameters	of	the	Gabor	filter	discussed	earlier,	the	hardware	architecture	is	designed	in	such	a	manner	that	each	parameter	is	assigned	with	a	particular	value	such	as	λ	=	3.5,	θ	=	0	or	π	/4
or	π	/2	or	(3	π	)/4,	ψ	=	0,	σ	=	2.8,	γ	=	0.3	and	π	=	180.	[Google	Scholar]	[CrossRef]Daugman,	J.G.	Uncertainty	relation	for	resolution	in	space,	spatial	frequency,	and	orientation	optimized	by	two-dimensional	visual	cortical	filters.	Moreover,	it	is	observed	that	FSIM	for	the	proposed	method	showed	mixed	performance.The	work	proposes	a	design	of
the	image	denoising	hardware	accelerator	based	on	the	2D	Gabor	filtering	method.	Design	and	FPGA	implementation	of	a	real-time	processor	for	the	HDR	conversion	of	images	and	videos.	According	to	the	Nyquist	theorem,	the	maximum	frequency	is	considered	as	(	f	n	)	=	0.5	cycle/pixels.	Components	Packag.	[Google	Scholar]	[CrossRef]Papitha,	J.;
Nedumaran,	D.	[Google	Scholar]Namuduri,	K.R.;	Mehrotra,	R.;	Ranganathan,	N.	presented	the	reports	on	evaluation,	comparison	and	classification	of	different	image	denoising	methods;	those	are	partitioned	into	five	domains.	551–556.	The	complex	component	consists	of	both	even	and	odd	functions.	To	have	a	fair	comparison	criterion,	PSNR	and
MSE	calculations	are	performed	in	the	proposed	work	using	similar	images	considered	by	all	other	approaches.	The	Grey	image	is	then	transformed	into	a	binary	image.	2014,	10,	55–61.	Electron.	729.	In	this	work,	256	×	256	pixel	size	is	considered	for	the	input.	G.	developed	a	novel	k-Gabor	method	by	using	the	clustering	algorithm.From	the
literature,	it	was	witnessed	that	HW	solutions	are	preferred	in	high	speed	applications	related	to	data	transfer	and	data	pre-processing	for	multimedia	[3,11,12,13,14,15,16].	Pattern	Recognit.	The	proposed	Gabor	filter-based	image	denoising	hardware	accelerator	is	designed	for	Edge	detection	in	image	processing	applications.	For	edge	connection,
after	the	fusion	process,	the	edges	of	the	image	need	to	be	connected	into	contours,	and	the	eight	neighborhood	positions	of	the	fused	image	are	searched	for	points	that	can	be	connected.	The	Gabor	filtered	and	edge	detection	outputs	for	various	input	images.	Edge	information	in	particular	directions	and	scales	for	Lena	image.	Both	Peak-SNR	and
Mean	Squared	Error	are	used	to	differentiate	image	quality.	[Google	Scholar]	[CrossRef]Ahmed,	A.S.	Comparative	study	among	Sobel,	Prewitt	and	Canny	edge	detection	operators	used	in	image	processing.	img2	=	img.reshape(-1)	df	=	pd.DataFrame()	df['Original	Image']	=	img2	#Generate	Gabor	features	num	=	1	#To	count	numbers	up	in	order	to
give	Gabor	features	a	lable	in	the	data	frame	kernels	=	[]	#Create	empty	list	to	hold	all	kernels	that	we	will	generate	in	a	loop	for	theta	in	range(8):	#Define	number	of	thetas.	Table	2.	[Google	Scholar]Cappetta,	C.;	Licciardo,	G.D.;	Di	Benedetto,	L.	Performance	Evaluation	of	Gabor	Filter	in	Removing	Rician	Noise	in	MR	Images.	2011,	20,	2378–2386.
No.Image	NamePSNR	(Gabor)MSE	(Gabor)1Apple	(256	×	256)10.4857	5.8602	×	10	3	2Flower	(256	×	256)9.2483	7.7920	×	10	3	3Women	(256	×	256)10.0816	6.4315	×	10	3	4Lady	(256	×	256)9.4466	7.4442	×	10	3	5Lena	(512	×	512)11.8913	4.2398	×	10	3	6Coffee	(512	×	512)12.5336	3.6569	×	10	3	7Monkey	(512	×	512)8.5536	9.1437	×	10	3
8Sunflower	(512	×	512)12.3414	3.8224	×	10	3	9Statue	of	Liberty	(512	×	512)12.0976	4.0431	×	10	3	Table	3.	It	is	clearly	visible	that	small	parameter	tuning	can	have	large	effects.	Ref.MethodImage	NamePSNR	(dB)MSEProposedGabor	Filter	+Edge	detection	+Hardware	AcceleratorApple10.4857	5.8602	×	10	3	Flower9.2483	7.7920	×	10	3
Lena11.8913	4.2398	×	10	3	Sunflower12.3414	3.8224	×	10	3	Statue	of	Liberty12.0976	4.0431	×	10	3	[31]Edge	detection	algorithm	(Canny)Apple2.678	3.54	×	10	4	Flower2.789	3.45	×	10	4	Lena6.206	1.57	×	10	4	[29]Edge	detection(Prewitt,	Sobel,Laplacian	of	Gaussian,Canny,	Roberts)Salt	PepperNoise	EffectedSun	Flower	ImageRoberts8.6962	8.779
×	10	4	Sobel8.6965	8.778	×	10	4	Prewitt8.6965	8.778	×	10	4	LOG8.7024	8.766	×	10	4	Canny8.7087	8.754	×	10	4	[32]Edge	Detection(Canny	operator,	Laplacian	of	Gaussian,Sobel	operator)LenaLOG5.2217	1.953	×	10	4	Canny5.2161	1.956	×	10	4	Sobel5.2476	1.942	×	10	4	[30]Edge	detection(Sobel,	Prewitt,	Canny)Statue	of	libertySobel5.6365	1.775
×	10	4	Prewitt5.6342	1.776	×	10	4	Canny5.6182	1.783	×	10	4	In	Table	3,	the	method	followed	in	the	proposed	work	is	compared	with	the	other	benchmark	methods	in	terms	of	three	reference	image-based	metrics:	L2RAT	[35],	SSIM,	and	FSIM	[36,37].	Our	objective	is	to	detect	or	extract	clean	edges.	#	print(gabor_label)	ksize=5	#Try	15	for	hidden
image.	II.	1–5.	These	designs	have	been	targeted	toward	FPGA	and	synthesized	relative	to	CMOS	standard	cell	implementation.	[Google	Scholar]	[CrossRef]Goyal,	B.;	Dogra,	A.;	Agrawal,	S.;	Sohi,	B.S.;	Sharma,	A.	Also	the	effect	on	the	image	borders	for	the	filtering	is	not	negligible,	as	borders	are	always	to	beconsidered	for	filtering
operations.Another	example	for	using	the	Gabor	filter	is	to	differentiate	stamp	images	from	text.	Hence,	the	denoising	of	such	affected	images	is	essential	in	order	to	have	effective	image	analysis	where	it	needs	image	filtering.	[19]	designed	a	hardware	architecture	for	Gabor	filter-based	edge	detection	for	visual	searches.	Figure	7.	[Google
Scholar]Razak,	A.;	Taharim,	R.	The	image	features	gained	during	the	filtering	process	with	the	Gabor	kernel	function	are	constant	in	terms	of	the	spinning	of	the	image	and	scaling	in	frequency	[3].	In	[26],	Anirban	Sengupta	et	al.	Razak	and	R.	Manuf.	In	several	papers,	The	Gabor	filter	is	proved	and	shown	that	it	has	an	ability	to	provide	a	better
performance	when	it	is	instantly	used	for	image	enhancement	and	feature	extraction,	which	involves	the	invariance	features	of	rotation,	scaling	and	translation.Gabor-based	image	processing	gained	a	significant	research	focus	during	the	recent	decades	after	the	combined	time	and	frequency	domain	representation	of	the	signals	reported	by	D.	On
the	other	part,	1	λ	is	multiplied	with	2	π	x	θ	and	summed	with	phase	(	ψ	).	An	HW	accelerator	for	image	processing	applications	is	developed	by	C.	Ubiquitous	Eng.	Since	the	Gabor	imaginary	part	is	effective	for	deriving	edge	information	from	an	image,	a	series	of	kernel	filters	is	framed	with	respective	central	frequencies	and	directions	as	f	=	0.15	,
0.3	,	0.45	;	and	θ	=	0	,	p	i	/	4	,	p	i	/	2	,	3	p	i	/	4	.	In	[7],	J.-K.

In	electronics,	an	analog-to-digital	converter	(ADC,	A/D,	or	A-to-D)	is	a	system	that	converts	an	analog	signal,	such	as	a	sound	picked	up	by	a	microphone	or	light	entering	a	digital	camera,	into	a	digital	signal.An	ADC	may	also	provide	an	isolated	measurement	such	as	an	electronic	device	that	converts	an	analog	input	voltage	or	current	to	a	digital
number	representing	the	magnitude	…
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