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ABSTRACT	

This	paper	proposes	an	effective	and	novel	method	to	recognize	 iris	 for	user	authorization.	The	haar	 features	were	used	to	
represent	the	iris	images	efficiently	for	recognition.	The	proposed	work	was	carried	out	on	the	images	acquired	from	the	UPOL	
database.	 The	 accuracy	 of	 any	 iris	 recognition	 system	 depends	 on	 the	 segmentation.	 The	 proposed	 method	 performs	
segmentation	using	Canny	Edge	technique	that	results	in	reduced	time	consumption,	thereby	reducing	the	time	required	for	
feature	extraction,	 feature	 selection,	dimension	 reduction	and	 classification.	 In	 this	method,	 the	boundaries	were	 localized	
with	high	precision.	The	results	indicate	high	accuracy	in	iris	segmentation	and	low	segmentation	error	rate.	

Index	Terms:	Iris	recognition,	Biometrics,	Haar	wavelet,	feature	extraction,	canny	edge	detector.	

1.	INTRODUCTION	

Human	 identification	 is	 the	 association	of	 data	 with	 a	
particular	human	being.	The	term	'identification'	means	
the	 act	 or	 process	 of	 act	 or	 process	 of	 recognising	 or	
establishing	 as	 being	 a	 particular	 person".	 The	 original	
needs	 for	 identification	 were	 social	 rather	 than	
economic.	Relatives,	friends	and	acquaintances	recognise	
a	 person	 on	 a	 contextual	 basis,	 in	 which	 physical	
appearance;	 voice	 characteristics,	 knowledge	 of	 private	
information;	location	and	espoused	name	all	play	a	part.	
These	 features	 are	 not	 individually	 reliable,	 they	 only	
work	when	 the	 people	 involved	 are	 in	 close	 proximity,	
and	 they	 depend	 upon	 human	 memory,	 with	 all	 its	
vagaries.	 They	 are,	 however,	 sufficient	 for	 most	 social	
purposes.	 As	 the	 complexity	 of	 economic	 transactions	
developed,	 the	 need	 arose	 for	 parties	 to	 know	 with	
whom	they	were	dealing.		

The	purposes	of	the	interchange	of	identification	include	
providing	 a	 gesture	 of	 goodwill,	 to	 develop	 mutual	
confidence,	 and	 to	 reduce	 the	 scope	 for	 dishonesty;	 to	
enable	 either	 person	 to	 initiate	 next	 round	 of	
communications;	 and	 to	 enable	 either	 person	 to	
associate	 transactions	 and	 information	 with	 the	 other	
person.	

The	 rest	 of	 the	paper	 is	 organised	as	 follows.	 Section	2	
outlines	 the	 need	 for	 identification,	 biometrics	 and	 iris	
recognition.	 Section	 3	 describes	 results	 and	 discussion.	
Finally	the	paper	is	concluded	in	section	4.	

2.	NEED	FOR	IDENTIFICATION	

The	 question	 of	 whether	 anyone	 has	 the	 right	 to	 be	
anonymous	has	been	debated	for	hundreds	of	years,	but	
it	 is	 just	as	relevant	today	as	it	was	before.	The	thought	
of	 large‐scale	data	collection	by	governments	 is	a	cause	

for	 concern:	 digital	 identity	 schemes	 in	 the	 UK	 and	
elsewhere	have	been	scrapped	due	to	questions	around	
data	protection	and	the	right	to	anonymity. 

But	 in	 India,	 anonymity	 is	 a	 huge	 problem.	 Just	 4%	 of	
Indians	have	a	passport,	and	fewer	than	half	have	a	bank	
account	–	in	fact,	many	of	India’s	citizens	have	never	had	
any	form	of	government	identification.	Without	any	way	
to	 prove	 their	 identity,	 millions	 of	 Indians	 living	 in	
poverty	 cannot	 access	 government	 benefits	 such	 as	
pensions,	or	subsidies	for	food	and	housing.	At	the	same	
time,	there	is	a	huge	problem	with	fraud	in	the	benefits 
system it is estimated	 that	 roughly	 half	 of	 all	
government	funding	spent	on	welfare	programmes	does	
not	reach	the	intended	recipient.	

Other	 areas	 where	 identification	 may	 be	 required	
include	the	identification	of	human	remains	according	to	
records	 existing	 ante‐mortem,	 forensic	 investigations,	
establishing	the	 identity	of	a	missing	person	and	access	
control	 to	 buildings,	 airports,	 seaports,	 ATM	machines,	
Border	 check	 points,	 e‐mail	 authentication	 on	
multimedia	work	stations,	searching	image	databases	of	
immigrants	etc	[1].	

The	 building	 blocks	 of	 identification	 are	 “identifiers”	
facts	 that	 distinguish	 people	 and	 entities	 from	 one	
another.	 Identifiers	 incorporate	 Biometrics,	 PIN,	
password,	 card	 and	 token	 for	 identification[1].The	
various	 means	 of	 identifying	 a	 person	 ,	 in	 order	 to	
associate	 data	 with	 them	 include	 Appearance,	 Social	
behaviour,	 Names,	 Codes,	 Knowledge,	 Tokens,	Bio‐
dynamics,	 Natural	 Physiography	 and	 Imposed	 physical	
characteristics	[1].	
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Table	1: Comparison	of	different	biometrics	

	

2.1	BIOMETRICS	AND	IRIS	RECOGNITION		

A	 biometric	 is	 a	 unique,	 measurable	 characteristic	 or	
trait	 of	 a	 human	being	 for	 automatically	 recognizing	 or	
verifying	identity.	This	measurable	characteristic	can	be	
physical,	such	as	eye,	face,	retina,	 iris,	finger	print,	hand	
geometry	 and	 voice	 or	 behavioural,	 like	 signature	 and	
typing	 rhythm.	 Biometric	 system	 must	 be	 able	 to	
recognize	or	verify	the	person	quickly	and	automatically.	
By	 means	 of	 biometric	 highest	 level	 of	 security	 is	
achieved.	 The	 accuracy	 and	 performance	 of	biometric	
system	 is	measured	 using	 false	 rejection	 ratio	 (FRR)	 of	
true	 owner	 of	 biometric	 and	 false	 acceptance	 ratio	 of	
fraudulent	user	(FAR).	

As	compared	to	other	biometric	traits	iris,	a	thin	circular	
diaphragm,	which	 lies	between	 the	 cornea	and	 the	 lens	
of	the	human	eye	has	unique epigenetic	pattern	remains	
stable	 throughout	 adult	 life	 .	 Iris	 patterns	 are	
characterized	 by	 high	 level	 of	 stability	 and	
distinctiveness.	 Each	 individual	 has	 a	 unique	 iris.	 The	
difference	 exists	 between	 identical	 twins	 and	 even	
between	the	 left	and	right	eye	of	 the	same	person.	Also	
iris	 detection	 is	 one	 of	 the	 least	 invasive	 technique	
[1].These	 characteristics	make	 it	 very	attractive	 for	use	
as	 a	 biometry	 for	 identifying	 individuals.	 Different	
biometric	 techniques	 various	 degrees	 of	 acceptance,	
performance	 and	 permanence.The	 comparison	 of	 these	
characteristics	are	presented	in	Table	1.		

3.	PROPOSED	WORK	

The	proposed	work	on	iris	recognition	system	is	carried	
out	in	two	phases.	

Phase1:	 The	 iris	 images	 from	 UPOL	 database	 [2]	 are	
acquired,	 pre‐processed,	 segmented.	 From	 the	
segmented	images,	the	features	are	extracted	using	Haar	
wavelet	 transform.	 These	 features	 of	 all	 the	 images	
constitute	the	database.	

	

 

Figure	1(a)	

Phase2:	This	is	a	testing	phase,	where	the	 	 iris	image	to	
be	 tested	 is	 considered	 .	 The	 test	 image	 undergoes	 the	
same	 steps	 as	 the	 other	 images.	 Finally,	 the	 extracted	
features	of	the	test	image	is	compared	with	the	features	
present	 in	 the	 database	 for	 authorization.	 If	 there	 is	 a	
match,	 the	 test	 image	 is	 authorized	 else	 it	 is	 un	
authorized.  

The	 complete	 flow	of	 the	 proposed	 system	 is	 shown	 in	
Figure	 1(a)	 and	 Figure	 1(b).	 As	 shown,	 the	 image	 is	
acquired	 first.	 The	 acquired	 image	 is	 a	 RGB	 (color)	
image.	 It	 is	 then	 pre‐processed.	 The	 first	 step	 in	 pre‐
processing	 is	 to	 convert	 the	 acquired	 RGB	 image	 to	
grayscale.	 After	 converting	 the	 image	 to	 gray	 scale,	 the	
portion	of	 the	 image	which	does	not	 contain	any	useful	
data	 is	 deleted	 and	 the	 image	 is	 resized.	 Then	 contrast	
adjustment	 is	 done	 using	 Histogram	 equalization.	 The	
image	 is	 now	 subjected	 to	 segmentation.	 	 Canny	 edge	
detector	 is	 applied	 to	 the	 image	 and	 from	 the	 edge	
detected	image	the	boundary	of	iris	is	found.	The	portion	
outside	 this	boundary	 is	deleted.	The	pupil	boundary	 is	
calculated	using	 the	mathematical	 relation	between	 the	
iris	and	pupil	boundaries.	After	segmentation,	features	of	
iris	are	extracted	using	wavelet	transform.	The	obtained	
features	 are	 then	 compared	 with	 the	 features	 that	 are	
previously	 extracted	 and	 stored	 in	 the	 database	 during	
enrolling	to	this	system.	If	a	match	is	found	the	person	is	
recognized	as	authorized,	else	as	unauthorized.	
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Figure	1(b)	

Figure	1(a)	and	1(b): Flowchart	of	the	proposed	system. 

3.	RESULTS	AND	DISCUSSION	

The	proposed	work	was	 executed	using	 the	 iris	 images	
which	 were	 acquired	 from	 the	 UPOL	 database.	 The	
advantage	 of	 this	 database	 over	 other	 databases	 is	 its	
high	 quality	 images.	 This	 data	 base	 contains	 64	
distinctive	 subjects	 with	 each	 subject	 containing	 three	
sample	 images	 for	 both	 eyes.	 These	 images	 were	
captured	 through	 an	 optical	 device.	 The	 proposed	
system	is	simulated	using	 	 image	processing	techniques	
using	MATLAB	software.	MATLAB	version	7.5	and	higher	
could	be	used.	

3.1	PRE‐PROCESSING	

The	images	were	initially	converted	to	gray	scale	as	a	pre	
processing	step	as	 there	 is	no	necessity	of	maintain	 the	
colour	details.	The	pre‐processing	is	illustrated	in	Figure	
2.	

 

Figure	2(a)																				 Figure	2(b)	

Figure	2(a)	and	Figure	2(b):	original	RGB	image	Gray	
scale	image	

3.2	NORMALIZATION	OF	IMAGE	

	After	 pre	 processing,	 the	 images	 are	 subjected	 to	
normalisation.	Normalization	involves	two	steps.	

Deleting	 the	extra	portion: The	 portion	 of	 the	 image	
that	does	not	contain	any	required	data	is	deleted	so	as	
to satisfy	memory	requirement,	computational	cost	and	
time.	This	is	shown	in	Figure	3.	The	aim	of	this	step	is	to	
only	retain	the	portion	of	the	image	having	the	required	
region	 of	 interest.	 Hence	 the	 rows	 from	 18	 to	 563	 and	
the	 columns	 from	 65	 to	 700	 are	 retained	 while	 the	
remaining	are	removed.	

 

Figure	3(a)																			Figure	3(b)	

Figure	3(a)	and	Figure	3(b):	gray	scale	image	and	
removal	of	extra	portions	from	the	image	

Resizing	the	image: The	image	is	resized	to	512	x	512	
matrixes	in	order	obtain	a	square.matrix	representation	
of	the	image.		

This	resizing	is	done	in	order	to	get	circles	of	iris	inner	a
nd	outer	boundary	during	segmentation.	This	is	depicted	
in	Figure	4.	

 

Figure	4: Resizing	the	Image 

3.3	HISTOGRAM	EQUALIZATION	
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 After	 resizing	 the	 image,	 further	 the	 contrast	 of	 the	
image	 is	 enhanced	 using	 histogram	 equalization.	 This	
process	is	illustrated	in	Figure	5. 

 

Figure	5(a)																			Figure	5(b)	

Figure	5(a)	and	5(b)	:	Original	Resized	Image	Histogram	
and	Equalized	Image. 

The	 histogram	 equalization	 is	 carried	 out	 in	 general	
using	the	equation	given	below:	

	

 

where, 

cdfmin	 is	 the	minimum	non‐zero	value	of	 the	cumulative	
distribution	function.		

M	×	N		gives		the	number	of	pixels	of	an	image.	

L			is	the	number	of	gray	levels	used.	

The	histogram	equalization	 for	 the	proposed	work	was	
carried	out	using	equation	(2)		

          

3.4	EDGE	DETECTION	

The	enhanced	image	is	given	to	the	canny	edge	detector	
for	 edge	 detection.	 The	 threshold	 for	 the	 detector	 was	
set	 to	 thresh=0.39	 and	 the	 standard	 deviation	 sigma	 is	
9.The	 input	 and	 the	output	 images	 are	as	 shown	 in	 the	
Figure	6(a)	and	6(b).	

 

Figure	6(a)																							Figure6(b)	

Figure	6:	Iris	Outer	boundary	localization	(a)Blurred	
Image	(b)	Iris	Boundary	localization 

3.5	IRIS	SEGMENTATION 

During	 image	 acquisition	 an	 iris	 image	 has	 pupil	 and	
outer	 sclera	 as	 unnecessary	 parts	 in	 the	 image.	 If	 not	

segmented	properly,	then	the	feature	extraction	process	
takes	into	account	the	properties	of	these	parts	also.	This	
reduces	the	overall	recognition	efficiency.	The	proposed	
work	 emphasizes	 on	 fast	 processing	 of	 the	 data.	
Therefore	 we	 developed	 a	 novel	 Iris	 segmentation	
method	as	proposed	below	

a. Scan	the	edges	of	the	iris	as	obtained	in	Figure	6(b)	
b. Determine	 the	outer	boundary	radius	of	 the	 iris	 from	
the	 canny	 edge	 detected	 image	 shown	 in	 Figure	 6(b)	
by	manually	tracing	the	edge	using	data	cursor.	

c. With	 this	 radius	 create	a	 circular	mask	which	 is	 then	
used	 to	 segment	original	 image.	After	 segmentation	a	
part	of	pupil	still	appears	in	the	image.	The	mask	is	as	
shown	 in	 Figure	 7(a)	 and the	 segmented	 image	with	
the	sclera	portion	removed	is	shown	in	Figure	7(b).	

d. In	order	to	remove	the	pupil	region,	the	radius	of	pupil	
is	required.	The	radius	of	pupil	is	half	of	the	iris	radius,	
this	 is	 an	 experimental	 result	 for UPOL	 database.	 A	
mask	of	radius	equal	to	the	pupil	radius	is	used for	the 
inner	 segmentation;	 this	 is	 shown	 in	 Figure	 7(c)	 and	
Figure	7(d)	respectively. 

 
Figure	7	(a): Mask	used	for	Outer	Segmentation.	
Figure	7	(b): Outer	Segmentation	of	Original	Image	
Figure	7	(c): Inner	pupil	mask.	
Figure	7	(d): Final	segmented	iris	image	
	

3.6	IRIS	FEATURE	EXTRACTION 

The	 proposed	work	 uses	Wavelet	 Transform	 to	 extract	
the	features	(Figure	8).	The	Haar	wavelet	is	the	simplest	
possible	wavelet.		

 

Figure	8: The	Haar	wavelet. 
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The	 Haar	 wavelet's	 mother	 wavelet	 function	 ψ(t)	 can	
be	described	as	in	Equation	(3)	

				                          (3)  	

and	 its	 scaling	 function	 φ(t)	 can	 be	 described	 as	 in	
Equation	

				  																																																								(	4)	

The	 features	 extracted	 are	 used	 to	 check	 the	
authorization	of	a	person	through	the	 iris	 image.	Hence	
the	 features	 of	 the	 test	 image	 is	 compared	 with	 the	
features	 already	 stored	 in	 the	 database.	 If	 the	match	 is	
found	it	 indicates	that	the	user	is	valid.	 In	the	proposed	
work,	 this	 is	 indicated	 by	 displaying	 the	 word	
‘Authorized’	on	the	GUI	output	window	together	with	the	
generation	 a	 sound	 signal.	 The	 corresponding	 result	 is	
displayed	 in	 Figure	 10.	 If	 the	 comparison	 of	 features	
extracted	from	the	test	image	and	that	of	those	stored	in	
the	database,	do	not	match	then	it	indicates	that	the	user	
is	invalid.	This	is	indicated	by	displaying	‘Un‐Authorized’	
along	with	 the	subsequent	sound	signal.	The	equivalent	
result	can	be	viewed	in	Figure	11	

 

Figure	9(a)																Figure	9(b)																								Figure	9(c)	

Figure	9(a):	Segmented	iris	image 

Figure	9(b):	Rectangular	form	of	(a) 

Figure	9(c): Iris	Features	Extracted	Using	wavelet	

Usability	is	an	important	consideration	when	creating	an	
application,	 therefore	 a	 GUI	 (graphical	 user	 interface)	
was	 constructed	 in	 order	 to	 show	 the output.	 The	 GUI 
developed	allows	the	user	to	upload	an	input	image	that	
has	been	captured	and	process	 it	 to	determine	whether	
the	user	is	authorized	or	not.	The	result	of	processing	is	
then	 displayed	 accompanied	 by	 a	 sound/voice	 signal.	
The	 input	 image,	 the	 image	 after	 each	processing	 stage	
and	 authorization	 result	 are	 all	 displayed	 in	 the	
appropriate	panels.	There	can	be	two	possible	outcomes	
due	 to	 processing,	 namely;	 ‘Authorized’	 or	 ‘Un‐
Authorized’.	The	features	extracted	from	the	input	image	
are	 compared	 with	 those	 stored	 in	 the	 database,	 if	 a	
match	 is	 found	it	 indicates	that	the	user	 is	valid.	This	 is	
indicated	 by	 displaying	 ‘Authorized’	 along	 with	 the	
corresponding	sound	signal.	

 

Figure	10: GUI	showing	Authorized	condition	

4.	CONCLUSION	AND	FUTURE	WORK	

In	 this	 work	 an	 effort	 is	 made	 to	 develop	 a	 novel	 and	
efficient	method	for	iris	recognition.	The	proposed	work	
was	carried	out	using	the	images	of	UPOL	database	that	
resulted	 in	 significant	 accuracy.	 The	 advantage	 of	 this	
database	over	other	databases	is	its	high	quality	images.	
With	the	results,	it	is	very	apparent,	that	the		edges	and	
the	 IRIS	 patterns	 of	 the	 images	 are	 clearly	 visible	with	
the		resolution	of	768	x	576	pixels. 

 

Figure	11 :	GUI	showing	Un‐Authorized	condition 

This	paper	presents	an	effective	method	to	recognize	iris	
boundaries	 by	 performing	 segmentation	 using	 Canny	
Edge	method	these	results	in	reduced	time	consumption,	
thereby	 reducing	 the	 time	 required	 for	 feature	
extraction,	 feature	 selection	 /dimension	 reduction	 and	
classification.	 In	 this	 method,	 the	 boundaries	 were	
localized	 with	 high	 precision.	 The	 proposed	 iris	
segmentation	 algorithm	 has	 the	 following	 particular	
properties	and	advantages:		
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(a)	 Avoidance	 of	 complex	 geometric	 and	 mathematical	
modelling	

(b)	No	need	of	a	training	phase	for	algorithm	design	and	
implementation; 

(c)	High	accuracy	in	iris	segmentation	and	therefore	low	
segmentation	error	rate.	

	Throughout	 the	 development	 the	 focus	 was	 on	
producing	a	functioning	piece	of	software	capable	of	fast,	
consistent	and	reliable	 iris	recognition.	There	are	other	
possible	routes	for	extension	and	exploration	within	this	
project.	There	are	alternative	ideas	for	the	format	of	the	
application	 and	 unexplored	 avenues	 within	 auto‐
detection	techniques.	SVM	(support	vector	machine)	can	
be	 used	 as	 classifier,	 SVM	 are	 tuned	 to	 improve	 the	
overall	 system	 performance.	 Optimal	 values	 for	 these	
parameters	 have	 been	 searched,	 using	 grid	method.	 An	
area	worth	exploring	is	implementing	the	software	with	
a	client/server	architecture	whereby	the	iris	 is	encoded	
at	the	client	side,	and	compared	server	side.	This	would	
then	 require	 further	 investigation	 into	 security	 and	
encryption	methods	for	the	system.	

Another	extension	to	the	system	would	be	to	interface	it	
to	an	 iris	acquisition	camera.	Now	rather	 than	having	a	
fixed	set	of	iris	images	from	a	database,	a	frame	grabber	
can	 be	 used	 to	 capture	 a	 number	 of	 images,	 possibly	
improving	 the	 recognition	 rate.	 An	 optimisation	whose	
feasibility	could	be	examined	with	use	of	an	acquisition	
camera	 would	 be	 the	 use	 of	 both	 eyes	 to	 improve	 the	
recognition	 rate.	 In	 this	 case,	 two	 templates	 would	 be	
created	for	each	 individual,	one	for	the	 left	eye	and	one	
for	the	right	eye.	This	configuration	would	only	accept	an	
individual	if	both	eyes	match	to	corresponding	templates	
stored	 in	 the	 database.	 The	 recognition	 rates	 produced	
for	this	optimisation	would	need	to	be	balanced	with	the	
increased	 imaging	 difficultly,	 and	 inconvenience	 to	 the	
user.	 The	 images	 can	 be	 captured	 through	 an	 optical	
device	 like	TOPCON	TRC501A,	which	 is	attached	with	a	
digital	 camera	 i.e.	SONY	DXC‐950P	3CCD.	The	 format	of	
captured	images	is	24‐bit	PNG	and	the	resolution	of	each	
image	is	768	x	576	pixels.		
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