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Abstract— Biometric recognition is gaining attention as most of the organization is seeking for a more secure verification method for
user access and other security application. There are a lot of biometric systems that exist which are iris, hand geometry, and
fingerprint recognition. In the biometric system, iris recognition is marked as one of the most reliable and accur ate biometric in term
of identification. However, the performance of iris recognition is still doubted whether the iris recognition can generate higher
accuracy when involving twin iris data. So, specific resear ch by using twin data only needs to be done to measur e the perfor mance of
recognition. Besides that, a comparative study is carried out using two template matching technique which are Hamming Distance
and Euclidean Distance to measure the dissimilarity between the two iris template. From the comparison of the technique, better
template matching technique also can be determined. The experimental results showed that iris recognition could distinguish twin as
it can distinguish two different, unrelated people as a result obtained showed the good separation between intra and interclass and
both techniques managed to obtain high accuracy. From the comparison of template matching technique, Hamming Distance is
chosen as a better technique with low False Rejection Rate, low False Acceptance Rate and high Total Success Rate with the value of
2.5%, 8.75%), and 96.48% respectively.

Keywords— irisrecognition; twin; Hamming distance; Euclidean distance

[. INTRODUCTION irises contain many tiny tissues that represent in furrows,

Nowadays, the system recognized people by their PIN crypts, corona, colla_\genous_fibres, serpentine vasculature,
code, password, and signatures. But, in this modern digitaleckles, striations, pits, and rift. _
era, it is very easy to forget the identification by hacking . TWin has the same allele which makes them genetically
their PIN or password if the security of the system is not /dentical. There are two types of twins, which are dizygotic
secure enough. So, the biometric system provides the(non-identical) and monozygotic (|dent|c_al). Hollingsworth
solution to this problem. Among varies of the biometric €t @l [2] have concluded from the experiment that there are
system exist, iris recognition is considered as the mOstseveral_ §|m|lar|t|es in twin iris texture. The necessity fc_)r iris
promising technique that can provide higher accuracy 'ecognition systems to precisely decide the identity of
identification [1]. This is because of the iris is rich with individual who has a twin is increasing as the number of
unique pattern and texture that will not change significantly ™Wins is increased by the years. _
during the individual lifetime and contain many significant . 1€mplate matching technique is carried out after the
features that can act as a quantifiable parameter for thdM@ge processing [3] and feature extraction [4]. It is the
measurement in the identification process. Iris comes from¢rucial stage where the template image is matched with the
the Greek word which means the representation of thelMage from the database to identify the person. There are
rainbow. It is a thin circular diaphragm, which located two types Qf comparison which are [ntracllass and interclass.
behind the cornea and in front of the lens. The Intraclass is the process of comparing different template of
the same person while interclass is the process of comparing
different person. The result of both comparisons should give
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distinct values to yields high accuracy in iris recognition. In ~ The main function of HD in iris recognition is to compare
this study, there is two template matching technique beingtwo-bit pattern generated from feature extraction technique.
applied which are Hamming Distance and Euclidean The result or distance value produced from this technique
Distance. The performances of both techniques are beingwill act as the measurement metric to determine whether the
compared to determine better template matching techniquarises come from the same or different person [8]. The main
and also were used as the measurement to assess tlaperation in the HD is the exclusive OR (XOR) and AND
accuracy in twin iris recognition. operator. XOR operator will evaluate the binary string and
Hamming distance gives a fractional measure of AND operator will only choose the bits that are not
disagreeing bits between two equal lengths of binary patternsorrupted by the noise such as eyelids, eyelashes, and
The main operator in the HD equation is Exclusive OR reflection [9]. XOR operator yields a true result if exactly
(XOR) gate. The XOR will produce true output (1) when one of two conditions is true. Fereira [9] stated that the
only one of the compared input bits is true. If both of the minimum HD value would be chosen as the final matching
input is false (0) or true (1), the result yields to false (0) result. Each iris region produces a bit pattern from another
output. Euclidean Distance is derived from the old iris since an individual iris region contains freedom with a
Pythagoras theorem and is defined as the linear distancdiigh degree of features. Furthermore, two iris codes that
between two points in the dimensional space. The result ofcome from the same iris are highly correlated.
Euclidean Distance is the shortest distance between the two There are several researchers had addressed the
binary strings of the template. advantages of HD performance in iris recognition system.
Hollingsworth et al. [2] have concluded from the According to [10], HD is a fast and simple technique. It is
experiment that there are similarities in twin iris texture. also very versatile since it has been tested in numerous
Daugman [5] stated that the twin irises are different , but image data types such as twin image, noisy image, and non-
Hollingsworth et al. [2] argued that there is no specific cooperative image. Besides that, Khan [11] stated that HD
research has been carried out to compare the twin irises irshows excellent processing and handling speed compared to
some sense to effectively discover the accuracy ofanother technique. The required times for HD to produce is
recognition. Wildes [6] has generated higher accuracy whenless since it has a simple algorithm. Gupta [12] stated that
using 60 iris data from 40 subjects including several twins HD is more reasonable technique compared to others. There
image, but it is not clear how many from those data are twinsjs only one disadvantage pointed out by the previous
to sum up to the conclusion that there is no error whenresearcher, i.e. it has a problem when dealing with applying
matching twin iris image [6]. So, the problem arises whether codes for large blocks.
the iris recognition can generate higher accuracy during the HD is widely used in iris recognition research. Ma [13]
identification of twin. So, the specific research needs to behad used HD to evaluate the accuracy of their proposed
done focusing only on twin iris image data to find out the method that regards iris texture as a signal and adapted the
accuracy. Besides that, the template matching technique alsavavelet transform technique to process those signals. The
is being compared to find a better technique that will HD result showed good performance in processing the data.
produce higher accuracy when involving twin iris data. Daugman [14] had implemented HD to evaluate his new
This study has motivated to measure the accuracy ofmethod which is Fourier based technique that is used to
template matching technique and to assess overallsolve the trigonometry problem in iris. Matey [15] had
performance in identification of twin in iris recognition by proposed new method to reduce the constraint of iris
analyze the effect of different template matching technique position in the image segmentation stage, and he used the
for twin in iris recognition and designing the suitable HD to match the template of iris. The result of HD showed
template matching techniques which are Hamming Distancehigh accuracy with less of error. Hollingsworth [16] had
and Euclidean Distance to obtain the accuracy for twin iris proposed new technique in template matching which is the
recognition. hybrid of fragile bit distance with HD and compares the
Template matching technique evaluates the template thatccuracy to the HD technique alone. The performance of that
is generated from the feature extraction process. It is used tdechnique is implemented by using twin iris data. Hence, the
measure the dissimilarity value for the comparison [7] and hybrid of HD and fragile bit distance produced a more
aimed to minimize the false match of different person and promising result. Tisse [17] implemented HD for the
maximize the probability of true person for identification. verification process to estimate bit to bit agreement to the
This process has two modes which are one-to-one matchingroposed method that is used to extract the significant
and one-to-many matching [1]. feature from the texture of iris. Park and Lee [18] had
Hamming Distance (HD) is a number used to signify the executed HD to measure the distance of the two iris codes
distinction between two binary strings. It permits the produced from the new extraction method using wavelet
computer to distinguish and correct the error on its own. transform technique. Barwick [19] performed HD technique
Hamming Distance has the capability to detect up to two bitsto summing the XOR operator to figure out the percentage of
in error and correct single bit error. In iris recognition, HD is incompatible bits when altering the optical transfer function.
mainly used in the template matching technique. The Another technique commonly used in the template
popularity of HD had increased since Daugman [5] has matching technique is Euclidean Distance (ED). [1] stated
proposed the technique in his iris recognition invention andthat ED is the most common technique. In most cases,
the result produced was very promising. Since that, most ofpeople will refer to ED when dealing with distance. ED can
the researcher implemented HD in their biometric research. have from one up to n-dimensional spaces. Xu and Xia [20]
stated that there is many types and advanced formulation of
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ED. The examples are Weighted Euclidean Distance, TABLE |

Normalized Euclidean Distance, and Modified Average ADVANTAGESANDD'SADTVE’?:NHT’:‘IGESESFTEMPLATEMATCH'NG
Euclidean Distance. ED is the linear distance between the °

two points in the metric space. The equation in this Techniques Advantages Disadvantages
technique is referred to the Pythagoras theorem. ED
calculates the similarity value of the two iris template
generated from feature extraction process [21].

- Fast & simple

There are two researchers had addressed the advantages ggg:'cgg - Versatile wﬁan:joebe{ﬁrT with
of ED performance in iris recognition system. Wang [22] [10] - Excellent applying codgers
stated that ED is very compatible to be embedded with the [11]: [12], processing and for large blocks

handling speed

classification technique to produce higher accuracy. [29] M o
- Mlore reasonable

According to Moi [23], ED is considered as the simple
technique since the equation of this technique is only the
repeated Pythagoras theorem formula. The disadvantage of ) _ _
this technique is the computational involved in measuring | Euclidean _ | Require massive
distance is very complex [22]. Khan [11], stated that ED | Distance - Great compatibility | computation
- - ) - [22], [23], - Simple process

requires a lot of calculation process and requires massive [11]
computation process.

Euclidean distance is the most common technique used in
the template matching phase [1]. Khan [11] implemented [l. MATERIAL AND METHOD
ED to calculate the distance between two feature that is The data for this research is 320 iris images for both left
extracted with new proposed method 1D Gabor Filter. Patil and right position of 20 pairs of twin (40 individual). Each
[24] used ED to measure the iris pattern similarity when individual has 8 iris images that are picked randomly from
comparing the performance of three feature extraction3183 total images from CASIA-TWIN database. In this
technique. To measure the newly proposed method, Manishaesearch, the intraclass comparison is performed first before
and Sanjay [25] implemented ED to measure the disagreednterclass for both left and right eyes position. For intraclass,
of bits when comparing the sample template with databasewwo different templates of the same individual are used as
template. Kulkarni [21] had compared the performance of jnput while for interclass, two different templates of that
ED with the Libor Masek Algorithm and concluded that individual with his/her corresponding twin are used as input.
Libor Masek had produced higher accuracy. This is becauseBefore the iris sample is matching with the database, the iris
they consider the non-significant value that will raise the sample must first be processed that involved three step. The
number of bit patterns. Shancez [1] had tested thefirst step is image segmentation by using Hough Transform
performance of ED by measure the feature that is distinct into jsolate the noise and locate the circular iris region. Next,
value to compare the accuracy of multiscale - zero s iris normalization by using Daugman Rubber Sheet Model
representation and Gabor Filter technique. Masih [26] to produce iris with the same dimension to get the exact iris
executed ED to compute distance in the new feature ofregion. The last step in image pre-processing is feature
representation to classify iris. ED also had been used as thextraction by using Gabor Filter to extract the significant
verification technique for the regional approach in iris feature in the iris and change those features into bits string.
recognition that only chooses the selected area of iris [27]. After that, the binary string is being matched in template
Pillai [28] implemented ED to measure the point in the two matching stage. Hamming Distance and Euclidean Distance
iris template to evaluate the proposed unified framework js applied to calculate the distance or dissimilarity between
based on sparse representation and random projection. Thghe two binary strings. The lowest distance is picked as the
advantages and disadvantages of template matchinginal value for each intra and interclass comparison. The
techniques are summarized in Table 1. binary string is shifted to both left and right position to get

The remainder of this paper is organised as follows. Inthe lowest distance. The result of both techniques is
Section I, the material and methods used are discussed ifjustrated in the line graph. Lastly, the accuracy of both
detail. Section Ill presents the analysis and the discussion ofechniques is evaluated by using FAR, FRR and TSR. The
the experimental results. Finally, Section IV summarises thepetter technique is determined by the technique that obtains
future work and conclusion. lower FAR, lower FRR and higher TSR. The overall system

is illustrated in Fig. 1.
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compared, and® icon indicates the XOR operator. Table 3
below shows the example of HD operation.

/ Twin Iris Image, Corre%oﬂding Twin Iris Image / TABLE IlI
\L EXAMPLE OF HAMMING DISTANCE
‘LocalizeirisareausingHoughTransform‘ A 1(1|1]|0]|1|0|1|1]1|0|0]0O
& 1{1j1{0f0f1|O0f1fj0|0O|1]|1
_ . . A g
‘I\ormahzmmageusmg]{ubberSheet}-lodel‘ i XOR &, ojojojoy 499 ¢ttt

I Total cisagreaing 0+0+0+0+1+1+1+0+1+0+1+1 = 6
‘ Extract iris feature using Gabor Filter ‘ HD E_ 0.5
12
o ¢
| Template | ‘ Perform template matchin ‘ ;
— ! P g Satish [8], stated that the value produced from the
| maichimg | calculation of HD would act as the measurement metric to
i technique | ‘ Evaluate accuracy using FAR. FRR and TSR ‘ determine whether the irises come from the same or different
i S ) person. If the two-bit pattern comes from a different person
| ! c e o] ine tocha (completely independent), the HD value will be equal to 0. 5.
i : ‘ ompare fhe femp altematc ing tecumque ‘ This is because the independence of the two bits will be

completely random. There is a chance of 50 percent to set
any bit to 1 and 50 percent chance to set any bit to 0 which

means half of the bits agree to the compared pattern and
another half disagrees. If the two-bit pattern comes from the

same person (dependent), the result produced will be close to
_ _ 0. 0. This is because there are highly correlated to each other
A. Hamming Distance and the bits would agree between two iris patterns.

Hamming distance (HD) gives a fractional measure of In iris recognition, according to [5], the decision criterion
disagreeing bits between two binary patterns. The two binaryor threshold value (confidence) is 0. 32. If HD value is less
patterns are derived from the template of the sample, andr equal to 0. 32, it indicates that the iris comes from the
another one comes from the template of the database that isame person while if the HD values is more than 0. 32, it
generated during feature extraction stage. HD only canindicates that the iris comes from the different person or left
produce distance when the two-bit patterns are equal. Theand right eye of the same person.
main operator in the HD equation is Exclusive OR (XOR) , .
gate which will determine the disagree value when B- Euclidean Distance
comparing the two input bits. The XOR will produce true  Euclidean Distance (ED) is widely used when dealing
output (1) when only one of the compared input bits is true. with distance problem. It is defined as the linear between
If both of the input is false (0) or true (1), the result yields to two points in the metric space. It can have from one and up
false (0) output. Table 2 below shows the summarization ofto n-dimensional space. The equation of this technique is
XOR logic gate. derived from the old Pythagoras theorem. It is also referred
as the shortest distance between two points as shown below

Fig. 1 Flowchart for twin iris recognition

TABLE Il ¢ .
XORLOGIC GATE in Fig. 2.
Input Output B
A B A XORB _- -
0 0 _- -~
0 1 1 - Y
1 0 1 _- -~
1 1 0 <
A X

Let A and B be the bits pattern in the template that is
being compared. Generally, HD is a calculation of total
different bits over the total number of bits in the bits pattern.
The equation of HD is defined below:

Fig. 2 Euclidean distance theory

To calculate the distance (hypotenuse) between @oint
andB, the equation would be as follow:

N —
1 d(A,B) = VX2t 72 @)
HD = N;aj@]ﬁj- )
£

o ) WhereX represent the differences between points for one
Where N represents the total number of bits in the bit feature andy represent the differences between points for
patternfl}- and B‘j represent the two bits that are being another feature. Generally, if we have two poirtsa(dB)
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whose feature value are (al, a2, ..., ai) and (b1, b2, ..., bi) same individual. While for interclass, there are two false
the summarization of equation would be: acceptances which are for twin 4 and 10. The HD value
when comparing the individual with his/ her corresponding
twin is 0.3014 and 0.3044. The iris recognition system

d(4,B) = JEL,(a; —B)? 3) L : .
wrongly accepts two individual as the corresponding twin of

Where d(AB) represents the Euclidean distance, n thatindividual.

represent the dimension of the feature vectae@esent the

ith component of the sample in the feature vector for goint
andb; is theith of the sample in feature vector for pdiitin
conclusion, ED specifies the square root of the sum of
squares of differences of every point in separate dimension
[30].

In iris recognition, Kulkarni [21], stated that ED would
calculate the dissimilarity value of the two iris template
generated from feature extraction process. If the two iris
template comes from the same individual, the value will be
fall in the range lower than the threshold, but in ED their
result will never be equal to 0 even the iris comes from the

0.64
0.56
0.48

2032

=]

Ton
016
0.08

Hamming Distance: Left Eye of 2nd Individual in twin

——2nd Individual -

/" \ /\ / Interclass
=—2nd Individual-

4
A AN SR VAV

A
AV

Threshold=

VANV

PAEVANENA
\/ N[V

Number of Twin

same person or same side of the eye.

Fig. 4 Hamming distance value for left eyes of the second individual in
[1l. RESULT AND DISCUSSION twin
Below are the result of Hamming and Euclidean Distance  The Jine graph in Fig. 5 shows the Hamming distance

for both intraclass and interclass, as well as for both left and,,5;,e for the right eye of the first individual in a pair of twin.

right position illustrated in the line graph and summary for oyerall, there is a separation between the intra and interclass.
FAR, FRR and TSR. _ ) For intraclass, there is no false rejection. The iris recognition
The line graph in Fig. 3 shows the Hamming distance sysiem accepts all the authorized user when comparing left
value for the left eye of the first individual in a pair of twin.  aye of the same individual. While for interclass, there is one
Overall, there is a good separation between the infra andyise acceptance which is for twin 11. The HD value when
interclass. For intraclass, there is no false rejection. Thiscomparing the individual with his/ her corresponding twin is
indicates that the iris recognition system when using HD asg 3042, The iris recognition system wrongly accepts the

matching technique accept all the authorized user whenjngiyidual as the corresponding twin of that individual.
comparing left eye of the same individual. While for

interclass, there is one false acceptance \_/vh|ch is for twin 10. Hamming Distance: Right Eye of 15t Individualfor Twin
The HD value when comparing the individual with his/ her
_cor_re_spondmg twin is 0.3_111. _It wrong_ly -accepts the 08 e v
individual as the corresponding twin of that individual. 072 Intercless
0.64 L 1stindividual-
J’\ / Intrac lass
Hamming Distance : Left Eye of 1st Individual in twin % g:i; \ /\ AN 'f \ /
2 o0s \v/\ [N~/ \wf " Threshold=
e 2 NS \'/ 032
— 1st Individual- 024
0.56 | Interclass \ / \ /\
0.48 - l\ r\ /\ / —— 1t Individual- 2;: \/ — \/\/
os \/\v/\\ EANEVARVAVE,-- ;
£ mRpEZeoecEEaONOSAER
=032 \‘/ \/ \\/ V Threshold= Ekklkkgﬁkgaﬁ
2 02 N 0.12 Number of Twin
0.6 ”/\\..—/\ JAN / \V/ N Fig. 5 Hamming distance value for right eyes of the first individual in twin
0.08 / \\/ \\j
0 The line graph in Fig. 6 shows the Hamming distance
FERERECERASIJZDEDRAR value for the right eye of the second individual in a pair of
Mumber of Twin . . . .
twin. Overall, there is a good separation between the intra

Fig. 3 Hamming distance value for left eyes of the first individual in twin - gnd interclass. For intraclass. there are two false rejections.

o , .. This means that the iris recognition system when using HD
For the second individual, a different template of the iris 4q matching technique reject two authorized user when

was served as a template for the matching process. The "”%omparing right eye of the same individual which are for
graph in Fig. 4 shows the Hamming distance value for theyin 9 and 19. The HD values when comparing the same
left eye of the second individual in a pair of twin. Overall, ingividual by using different templates are 0.3415 and
there is good a separation between the intra and interclassy 3562, while for interclass, there are two false acceptances
For intraclass, there is still no false rejection. All of the value \ynich are for twin 5 and 11. The HD value when comparing
obtained fall below the threshold. This means that the iris ihe individual with his/ her corresponding twin is 0.3192 and

recognition system when using HD as matching techniqueg 3148 This indicates that the iris recognition system
accept all the authorized user when comparing left eye of the
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wrongly accepts three individual as the corresponding twin when using ED as matching technique, wrongly accepts two

of that individual. individual as the corresponding twin of that individual.
Hamming Distance: Right Eye of 2nd Individual of Twin Euclidean Distance: Left Eye of 2nd Individual of Twin
2nd
08 ard 7 Indvicuzl -
Interclass
072 Ind vidual - 5 —2nd
A e A~ PN -
038 Indvidual- 2 4 Intr ac s
yoss /\ [\ ~_ ~ Irar s g, _/ /\ \\/ Threshold
= pa \"’\\/f \/\\\JI‘I NV = 3 \ /\ N \/ =7
o
= 032 A A
022 A A\ IAPEVAS /~
015 ,AWQVQWAVQVA J
0.08
i) v 0
SN Mmoo o g d NSy g g oo g TL T2 T3 T4 T5 T6 T7 T8 T9 TI0T11T12T13TI4TI5TIETITTIETION2O
”””””” Twin Number
MNumber of Twin

Fig. 6 Hamming distance value for right eyes of the second individual in Fig. 8 Euclidean distance value for left eyes of the second individual in
twin twin

The line graph in Fig. 7 shows the Euclidean distance The line graph in Fig. 9 shows the Euclidean distance
value for the left eye of the first individual in a pair of a twin. value for the right eye of the first individual in a pair of twin.
Overall, there is a separation between the intra and interclas©verall, there is a separation between the intra and interclass.
For intraclass, there is no false rejections. The iris For intraclass, there is one false rejection. The iris
recognition system when using ED as matching techniquesrecognition rejects one authorized user when comparing left
accepts all authorized user when comparing left eye of theeye of the same individual which are for twin 17 with 3.758
same individual. The ED value when comparing the sameED value 3.758. While for interclass, there are three false
individual by using different template are 3.751 and 4.378. acceptances which are for twin 1, 5 and 17. The ED value
While for interclass, there are three false acceptances whiclwhen comparing the individual with his/ her corresponding
are for twin 10, 13 and 17. The ED value when comparingtwin are 3.241, 3.578 and 3.563 respectively. The iris
the individual with his/her corresponding twin are 3.673, recognition system when using ED as matching technique
3.437 and 3.665 respectively. The iris recognition systemwrongly accepts three individual as the corresponding twin
wrongly accepts three individual as the corresponding twin of that individual.
of that individual.

Euclidean Distance: Right Eye of 1st Individual of Twin
Euclidean Distance: Left Eye of 1st Individual of Twin
’ 10 ——1st Individuak-
8 . g Interclass
o — T et : = -
Intracass
6 /\ /\ J —1stindividual- 7 //
Intrachass 6 & A
J VNN A A 1 N AN A VAR
2. \/ P AWAV Threshold R //\ LN\ S T\ '
= v ~ vV v =37 3 A A
3 A AQ R VAV
AN ANIAV=NIEVAY I WA VAN = V4
SN v \__/
Vv 0
1 S ZpeCceE280d83 489559498
0 Twin Number
[l Tl = R R B R i I
Twinmember Fig. 9 Euclidean distance value for right eyes of the first individual in twin

Fig. 7 Euclidean distance value for left eyes of the first individual in twin
The line graph in Fig. 10 shows the Euclidean distance

The line graph in Fig. 8 shows the Euclidean distance value for the right eye of the second individual in a pair of
value for the left eye of the second individual in a pair of twin. Overall, there is a separation between the intra and
twin. Overall, there is a separation between the intra andinterclass. For intraclass, there are two false rejections. It
interclass. For intraclass, there are two false rejections. Thigejects two authorized user when comparing right eye of the
indicates that the iris recognition system when using ED assame individual which is for twin 9 and 17. The ED value
matching technique reject two authorized user whenwhen comparing the same individual by using a different
comparing left eye of the same individual which is for twin 1 template is 3.778 and 3.883. While for interclass, there are
and 8. The ED value when comparing the same individualtwo false acceptances which are for twin 4 and 17. The ED
by using a different template is 3.714 and 3.761. While for value when comparing the individual with his/ her
interclass, there are two false acceptances which are for twircorresponding twin are 3.667 and 3.649. The iris recognition
11 and 13. The ED value when comparing the individual system when using ED as matching technique wrongly
with his/ her corresponding twin are 3.425 and 3.142 accepts two individual as the corresponding twin of that
respectively. This means that the iris recognition systemindividual.
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Euclidean Distance: Right Eye of 2nd Individual of Twin are well separated in every graph although there are several
errors in matching. For Hamming Distance, most of the

; —2nd Ingvial- intraclass values fall below 0.32 with can conclude that to

; | et iris system, twin iris codes or bit strings that are produced

. A / e during feature extraction during image pre-processing are as
. J N A/ et different as two different individual iris codes. This indicates
z v =37 that the iris recognition system can distinguish the twin to

some extent as it can distinguish two different individuals
2 fvﬁvﬂvév’:\‘ﬂgt who does not have any twin. Two matching errors and most
1 of the interclass values fall above 0.32 with seven matching
e P—— error. While for Euclidean Distance, most of the intraclass
TTrohTmr s s mEEEEE values fall below 3.7 with 7 matching errors and most of the

Fig. 10 Euclidean distance value for right eyes of the second individual in interclass value fall above 3.7 with 10 matching errors.

Twin Number
twin

T12
T13
T14
T17

IV. CONCLUSIONS

For the comparison of techniques, the best technique
result is expected to have low FRR, low FAR and high TSR.
Low FRR means there is less rejection error when
comparing the same person. From the result obtained, th

The twin iris image from CASIA database was used as a
dataset to carry out the experimental result. The performance
measurement of FAR, FRR and TSR have proven that

qﬂamming Distance is more accurate technique than

. . ; 0 .

\éilgﬁ dec;fn Ilgli:;?anr:oer ing?gg)ngLo?vlséirg?néZns.tshfrevzlglllgssEucndean Distance. It gave lower FAR and FRR which were
+(970. LU . ~78.75% and 2.5% respectively. This technique also obtained

acceptance error when comparing different person/ twin.

; S o X : .
From the Table 4, Hamming Distance obtained 8.75% FAR higher TSR which is 96.48% than Euclidean Distance. So, it

: . i ; 0 was proven that this technique is reliable and accurate. From
while Euclidean Distance obtained 12.5A)_FAR. La_stly, TSR the performance of both techniques which obtain high
means the overall accuracy of the technique. This value is

obtained from the result of FRR and FAR earlier. The TSR aceuracy and well-separated distribution of intraclass and

) : . . : . interclass value, it can be concluded that iris recognition can
for Hamming Distance is 96.48% while Euclidean Distance . ..~ g ;
is 93.35%. From the value, it is clearly shown that the distinguish a pair of twin very well as a result shown very

; . . .~ well — separation between intraclass and interclass. For
Hamming Distance performs better as a matching techmquefuture work, image enhancement technique such as Clip

than Euclidean Distance with lower FRR, lower FAR and - . : P -
. . ! Limited Adaptive can be applied in Histogram Equalization
higher TSR which are 2.5%, 8.75%, and 96.48% in order to fix the contrast for the eye image. From the

r(_aspectlvely. Hence, itis proven that it was the qut aqcu.ratedatabase aspect, there is still lack of database that provides
simple and popular technique used for matching in iris

recognition consistent with the previous literature that twin iris images. Only CASIA database is the open source

implements this technigue more than another techni uestorage that provides the image to the public. So, the
P chnique : q omparison cannot be made with another database to obtain
exists such as Euclidean Distance, Manhattan Distance, an

Mahalanobis Distance ore reliable and accurate result. The effort to create and
' share the database to the public especially for identical and

TABLE IV non-identical twin image needs to be increased. In future

SUMMARY OF FRR, FAR AND TSRFORHAMMING AND EUCLIDEAN development, this research could be enhanced by referring to
DISTANCE various other works available such as [31]-[39].
. . Hamming Euclidean
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