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ABSTRACT	

Here	 I	 design	 and	 develop	 a	 pattern	 recognition	 system	 using	 Artificial	 Neural	 Network	 (ANN)	 and	MATLAB	 that	 can	
recognize	the	type	of	 image	based	on	the	 features	extracted	 from	the	choose	 image.	Also	I	am	comparing	Backpropagation	
Neural	Network	and	Cellular	Neural	Network.	This	system	which	can	fully	recognizing	the	types	of	the	data	had	been	add	in	
the	data	storage	or	called	as	training	data.	The	Graphic	User	Interface	(GUI)	in	MATLAB	toolbox	is	used.	This	is	the	alternative	
way	to	change	the	common	usage	of	the	MATLAB	which	are	uses	the	command	inserts	at	command	window.	From	this	kind	of	
system,	we	just	need	to	insert	the	features	data	or	training	data.	The	recognition	done	after	we	insert	the	test	data.	The	system	
will	recognize	whether	the	output	is	match	with	the	training	data.	Then	output	will	produce	a	kind	of	graph	that	describes	the	
feature	of	the	data	which	is	same	as	the	training	data.		

Index	Terms:	Matlab,	Backpropagation	Neural	Network,	Cellular	Neural	Network,	Minutiae.	

	

1.	INTRODUCTION	

Fingerprint	 recognition	 is	 one	 of	 the	 well	 known	 and	
most	 widely	 used	 biometric	 technologies.	 Fingerprint	
identification	 technology	 extracts	 features	 from	 images	
made	by	the	distinct	ridges	on	the	fingertips.		

Images	 of	 the	 fingerprint	 is	 captured	 by	 a	 scanner	 then	
enhanced	 and	 after	 that	 converted	 into	 a	 template.	
Scanner	technologies	can	be	optical,	silicon,	or	ultrasound	
technologies.	I	found	that	optical	scanners	were	the	most	
commonly	 used	 and	 simple	 one.	 Two	 representation	
forms	 for	 fingerprints	 separate	 the	 two	 approaches	 for	
fingerprint	 recognition.	 The	 first	 one	 is	 minutia‐based	
which	 represents	 the	 fingerprints	 by	 its	 local	 features,	
like	 terminations	 and	 bifurcations.	 I	 am	 using	 this	
approach	in	my	project.	The	second	approach	uses	image‐
based	methods	that	do	matching	using	the	global	features	
of	a	whole	fingerprint	image.		

A	 neural	 network	 known	 as	 a	 parallel	 distributed	
processing	 network.	 It	 is	 a	 computing	 solution	 that	 is	
loosely	modeled	to	our	cortical	structures	of	the	brain.	It	
has	 interconnected	 processing	 elements	 called	 neurons	
or	 nodes.	 These	 nodes	 works	 together	 to	 produce	 an	
output	function.	The	output	of	a	neural	network	relies	on	
the	 co‐operation	 of	 the	 individual	 neurons	 within	 the	
network.	Processing	of	information	by	neural	networks	is	
done	in	parallel	rather	than	in	series	like	in	earlier	binary	
computers	or	Von‐Neumann	machines.	[1] 

2.	SYSTEM	DEVELOPMENT	

2.1	BLOCK	DIAGRAM	

Block‐diagram	 of	 the	 fingerprint	 identification	 system	
and	 its	 diverse	 parts	 is	 shown	 in	 figure.	 The	 image	

template	 is	 a	 pre‐stored	 point	 pattern	 of	 extracted	
minutiae	from	authentic	fingerprint.	[2]	

 

Figure	1:	Block‐Diagram	of	the	System	

2.2	FINGERPRINT	IMAGE	ENHANCEMENT	

It	is	to	make	the	image	clearer	for	further	operations.	The	
fingerprint	 images	 acquired	 from	 sensors	 have	 not	
perfect	quality,	so	to	increase	the	contrast	between	ridges	
and	furrows	and	for	connecting	the	false	broken	points	of	
ridges	enhancement	is	done.	

For	 enhancement	 FFT	 enhancement	 method	 is	 used.	 In	
this,	we	divide	the	 image	 into	small	processing	blocks	of	
32*32	pixels	and	perform	the	Fourier	transform.	[3]	

2.3	FINGERPRINT	IMAGE	BINARIZATION	
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The	 binarization	 step	 is	 that	 the	 true	 information	 that	
could	be	extracted	from	a	print	is	simply	binary	means	0	
and	1;	ridges	vs.	valleys.	But	 it	 is	a	really	 important	step	
in	 the	process	of	 ridge	extracting	because	 the	prints	are	
taken	as	grayscale	images,	so	ridges,	knowing	that	they’re	
in	 fact	 ridges,	 still	 vary	 in	 intensity.	 So,	 binarization	
transforms	the	image	from	a	256	level	image	to	a	2	level	
image	which	gives	the	same	information.		

Typically,	 an	 object	 pixel	 is	 given	 a	 value	 of	 “1”	while	 a	
background	pixel	is	given	a	value	of	“0.”	Finally,	a	binary	
image	 is	 created	 by	 coloring	 each	 pixel	 white	 or	 black,	
depending	on	a	pixel's	label	(black	for	0,	white	for	1).	[2]		

2.4	BLOCK	DIRECTION	ESTIMATION		

In	this	stage	I	estimate	the	block	direction	for	each	block	
of	 the	 fingerprint	 image.	 The	 algorithm	 does	 the	
following:		

I.	Calculates	 the	gradient	values	along	x‐direction	and	y‐
direction	for	each	pixel	of	the	block.	Two	Sobel	filters	are	
used	to	fulfill	the	task.		

II.	For	each	block,	it	uses	the	following	formula	to	get	the	
Least	Square	approximation	of	the	block	direction.	

tan2ß	=	2	∑	∑	(gx*gy)/	∑	∑		(gx2‐gy2)	

For	all	the	pixels	in	each	block.	[4]	

2.5	ROI	EXTRACTION	

Two	Morphological	operations	called	‘CLOSE’	and	‘OPEN’	
are	 used.	 The	 ‘CLOSE’	 operation	 can	 shrink	 images	 and	
eliminate	small	cavities.	The	‘OPEN’	operation	can	expand	
images	 and	 remove	 peaks	 introduced	 by	 background	
noise.	 It	 consists	 of	 the	 interest	 fingerprint	 image	 area	
and	 bound.	 The	 bound	 is	 the	 subtraction	 of	 the	 closed	
area	from	the	opened	area.	Then	the	algorithm	eliminates	
those	 uppermost,	 bottommost	 leftmost	 and	 rightmost	
blocks	out	of	that	bound	so	as	to	get	the	bounded	region	
containing	the	bound	and	inner	area.	[4]	

2.6	FINGERPRINT	RIDGE	THINNING		

Ridge	Thinning	is	done	to	eliminate	the	redundant	pixels	
of	ridges	till	the	ridges	are	just	one	pixel	wide.	For	that	an	
iterative	parallel	thinning	algorithm	is	used.	In	each	scan	
of	 the	 	 	 image,	 the	 algorithm	 marks	 down	 redundant	
pixels	 in	 small	 image	 window	 and	 finally	 removes	 all	
those	 marked	 pixels	 after	 several	 scans.	 The	 thinned	
ridge	 map	 is	 then	 filtered	 by	 other	 Morphological	
operations	to	remove	some	H	breaks,	isolated	points	and	
spikes.	 In	 this	 step,	 any	 single	 points,	 whether	 they	 are	
single‐point	 ridges	 or	 single‐point	 breaks	 in	 a	 ridge	 are	
eliminated	and	considered	processing	noise.	[5]	

2.7	MINUTIA	MARKING		

After	 the	 ridge	 thinning,	 the	 marking	 minutia	 point	 is	
relatively	easy	job.	The	concept	of	Crossing	Number	(CN)	
is	widely	used	for	extracting	the	minutiae	from	image.	

Also	 at	 this	 stage,	 the	 average	 inter‐ridge	 width	 D	 is	
estimated.	 This	 refers	 to	 the	 average	 distance	 between	
two	neighboring	 ridges.	 Scan	a	 row	of	 the	 thinned	 ridge	

image	and	sum	up	all	pixels	in	the	row	whose	values	are	
one.	Then	divide	the	row	length	by	the	above	summation	
to	get	an	inter‐ridge	width.	For	more	accuracy,	such	kind	
of	 row	 scan	 is	 performed	 upon	 several	 other	 rows	 and	
column	 scans	 are	 also	 conducted,	 finally	 all	 the	 inter‐
ridge	widths	are	averaged	to	get	the	D.	[6]	

2.8	FALSE	MINUTIA	REMOVAL		

In	 preprocessing	 false	 ridge	 breaks	 due	 to	 insufficient	
amount	 of	 ink	 and	 ridge	 cross‐connections	 due	 to	 over	
inking	 are	 not	 totally	 eliminated.	 All	 the	 earlier	 stages	
themselves	 occasionally	 introduce	 some	 artifacts	 which	
lead	 to	 spurious	 minutia.	 Such	 false	 minutiae	 will	
significantly	 affect	 the	 accuracy	 of	 matching	 if	 they	 are	
simply	 regarded	 as	 genuine	 minutiae.	 So	 it	 needs	 to	
remove	 false	 minutia	 and	 keep	 the	 fingerprint	
identification	system	effective.	[6]	

2.9	MINUTIA	MATCH	

After	we	 get	 two	 set	 of	 transformed	minutia	 points,	 we	
use	 the	 Neural	 Networks	 to	 count	 the	matched	minutia	
pairs	 by	 assuming	 two	 minutia	 having	 nearly	 the	 same	
position	and	direction	are	identical.	

[1]	Backpropagation	Network	(BPN)	

The	NN	explained	here	has	 three	 layers.	They	are	 input,	
hidden	 and	 output	 Layers.	 During	 training	 phase,	 the	
training	 data	 is	 fed	 into	 the	 input	 layer.	 The	 data	 is	
propagated	to	the	hidden	layer	and	then	to	output	 layer.	
This	 is	 called	 forward	 pass	 of	 the	 back	 propagation	
algorithm.	In	forward	pass,	each	node	in	hidden	layer	gets	
input	 from	 all	 the	 nodes	 from	 input	 layer,	 which	 are	
multiplied	 with	 appropriate	 weights	 and	 then	 summed.	
The	 output	 of	 the	 hidden	 node	 is	 the	 nonlinear	
transformation	of	 the	resulting	sum.	Similarly	each	node	
in	output	layer	gets	input	from	all	nodes	of	hidden	layer,	
which	are	multiplied	with	appropriate	weights	and	 then	
summed.	 The	 output	 of	 this	 node	 is	 the	 non‐linear	
transformation	of	resulting	sum.	

The	output	values	of	the	output	layer	are	compared	with	
the	 target	 output	 values.	 The	 target	 output	 values	 are	
those	 that	 we	 attempt	 to	 teach	 our	 network.	 The	 error	
between	 actual	 output	 and	 target	 output	 values	 is	
calculated	 and	 propagated	 back	 towards	 hidden	 layer.	
This	is	called	the	backward	pass	of	the	back	propagation	
algorithm.	 The	 error	 is	 used	 to	 update	 the	 connection	
strengths	 between	 nodes,	 i.e.	 weight	 matrices	 between	
input‐hidden	 layers	 and	 hidden‐output	 layers	 are	
updated.	

During	 the	 testing	 phase,	 no	 learning	 takes	 place	 i.e.,	
weight	matrices	are	not	 changed.	Each	 test	 vector	 is	 fed	
into	the	input	layer.	The	feed	forward	of	the	testing	data	
is	similar	to	the	feed	forward	of	the	training	data.	[7]	

[2]	Cellular	Neural	Network	(CNN)	

CNN	 consists	 of	 an	 array	 of	 non‐linear,	 locally	
interconnected,	 first	 order	 circuits.	 As	 connections	 are	
local,	each	cell	is	connected	only	to	the	cells	belonging	to	
its	neighborhood.	
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A	 Cellular	 Neural	 Network	 (CNN)	 is	 an	 artificial	 neural	
network	 consisting	 of	 separate	 neurons	 or	 cells.	 It	 has	
several	 properties	 that	 may	 be	 advantageous	 compared	
to	other	neural	networks.	The	dynamic	range	of	a	CNN	for	
example	 is	 bounded.	 Also	 a	 CNN	 can	 easily	 be	 extended	
without	having	to	re‐adjust	the	entire	network	because	a	
cell	 is	 not	 connected	 to	 every	 other	 cell	 in	 the	 network	
but	 rather	 to	 cells	within	 a	 certain	neighborhood.	Albeit	
its	cellular	structure	it	still	displays	the	complex	dynamic	
behavior	as	seen	with	other	neural	networks.	Due	to	this	
complex	behavior	it	can	be	used	in	image	processing	(e.g.	
noise‐removal,	 connected	 component	 detection	 (CCD),	
'thinning'	 etc.)	 It	 can	 also	 be	 used	 to	 simulate	 certain	
equations	or	be	used	as	an	associative	memory.	

Another	advantage	is	that	although	the	factor	with	which	
the	 output	 of	 a	 cell	 affects	 the	 behavior	 of	 other	 cells	
(template	 parameter)	 may	 be	 different	 for	 spatially	
different	 neighboring	 cells,	 the	 template	 thus	 formed	 is	
translational	invariant	('cloning	templates').	

As	 stated	above,	 these	 cells	 can	 interact	with	other	 cells	
within	 a	 certain	 neighborhood.	 A	 rectangular	 two‐
dimensional	CNN	consisting	of	16	 cells	where	 every	 cell	
interacts	 with	 only	 it’s	 directly	 neighboring	 cells	 would	
look	like	the	circuit	shown	in	figure.	[8]	

3.	RESULTS	

	

Figure	2:	Neural	Network	Training	

	

Figure	3:	Result	in	GUI	

4.	CONCLUSION	

Backpropagation	Neural	Network	is	a	common	method	of	
training	 artificial	 neural	 networks	 used	 in	 conjunction	
with	 an	 optimization	 method	 such	 as	 gradient	 descent.	
The	method	calculates	the	gradient	of	a	loss	function	with	
respects	to	all	the	weights	in	the	network.	The	gradient	is	
fed	 to	 the	 optimization	method	which	 in	 turn	 uses	 it	 to	
update	 the	 weights,	 in	 an	 attempt	 to	 minimize	 the	 loss	
function.	 It	 is	 usually	 considered	 to	 be	 a	 supervised	
learning	method.	It	is	a	generalization	of	the	delta	rule	to	
multi‐layered	 feed	 forward	 networks,	 made	 possible	 by	
using	 the	chain	 rule	 to	 iteratively	 compute	gradients	 for	
each	 layer.	 Backpropagation	 requires	 that	 the	 activation	
function	 used	 by	 the	 artificial	 neurons	 (or	 "nodes")	 be	
differentiable.	

Cellular	Neural	Networks	(CNN)	are	a	parallel	computing	
paradigm	similar	to	neural	networks,	with	the	difference	
that	 communication	 is	 allowed	 between	 neighboring	
units	only.	Typical	applications	include	image	processing,	
analyzing	 3D	 surfaces,	 solving	 partial	 differential	
equations,	 reducing	 non‐visual	 problems	 to	 geometric	
maps,	 modeling	 biological	 vision	 and	 other	 sensory‐
motor	organs.	
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