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An Efficient Quadratic Projection-Based Iris Recognition:
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ABSTRACT

Biometric user authentications, day after day, propagate more to human life instead of traditional systems which use
passwords and ID cards. However, most of these systems have many problems for given biometric information such noisy
data, low-quality data, a limitation of recognition rate, and so on. To deal with these problems, I used Dual QML which is
non-linear classification for classifying correctly the real-world data and then proposed preprocessing method for increasing
recognition rate and performance by segmenting a specific region on an image. The previous published Dual QML used
face, palmprint, ear for the experiment. In this paper, I used iris for experiment and then proved excellence of Dual QML
at iris recognition. Finally I demonstrated these results (e.g. increasing recognition rate and performance, suitability for iris
recognition) through experiments.
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Fig. 1. Daugman’s iris recognition
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Fig. 3. The model of Daugman’s Rubber sheet

Fig. 4. The model of Rubber sheet model
expressed in images
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Table 1. The Dual QML-based feature extraction
algorithm for image classification

The training data S={z;} ?_, with

Input
C classes.

Feature matrix #=[f, fy ... f,] and

Output . .
utpu Quadratic Matrix {P,} .

Step 1: Do for I=1,...,C
1.1 Calculate O, and Y, ]

2 E 1.
based on 7, and E.
1.2 Calculate 1°* derivation of (12) :
1+tr(AO,— Y wL)_ » ) =0

zE 1,
Algorithm| 1.3 Calculate (11), (4), and P,
Step 2: Obtain the quadratic matrix
for all the classes {2} &,
Step 3: Compute the feature matrix
F=[f,, fy-f,]. where the j-th
element in f; is written as

fij :xiTijiv J=12,C
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Fig. 5. Proposed method using Dual QML with preprocessing for iris recognition
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Table 2. The Dual QML-based
algorithm for image classification

matching

Feature Matrix #, Quadratic Matrix

Input {P} 2, and the test image.

Output | The class label of the test image.

Step 1: Compute the feature vector ¢
of the test image, where the
j-th element of ¢ is: t;=t"Pt,
Algorithm
Step 2: Assign a class label to the
test image by using the nearest|
neighbor classifier based on #
and t.

& ¢l parameters=
2ak 71 sk ARlE

ZAsle] £/ Welth. ke AlE A
£ "WHdl+= Euclidean distance, Absolute

difference, Frobenius norm % tikat W&
o] gtk Dual QMLelxe] Azl A w2
Euclidean distance® AH&-3baict.

B =2 Nearest Neighbor Classifierg %
3 AR oA E F dl~E o]v|A|9} 71 ZAKE
Class® % Class® E7Fsk= A& Iris
Template Matching34& =83},

V. &g gl 23}

Table 3. Experiment environment and test data set

Desktop

oS Windows 8.1K Pro 64bit

CPU Intel Core i5-6600 3.30GHz

RAM 8.00GB
Matlab

Version R2015a(Win_64bit)
Dataset
Name and | oASIA V3

Al o

Dual QML &4 QMLS dvh} 2k Fouj
el 9lek. (1)& Dual QML = 9]ol thekst
Matrix 714+ Feature extraction WHE<] A+
= A} S SHox vlastelct. Blale] A
= dlolewlo] e A ARl wpe} ofefje} o] A}
S5k (m: Class ¥ AREE o]u]#] ] 7<)

* Face : AR, PIE, FERET, FRGC

* Palmprint : PolyU, CASIA

« Ear @ IIT Delhi

Dual QML¥ 374 wlx€l o352 APCA
(3], LDA(4]), K-LDA(5]), ER-KDA[6])7} 9t}

Table 4. Comparison with other algorithms’
average error rate(%) using AR dataset

. AR
Algorithm
m=2 | m=4 | m=6 | m=8
APCA 9.35 6.47 5.90 4.57
LDA 10.88 7.04 6.34 4.11
K-LDA 12.46 7.13 5.65 4.87
ER-KDA 9.30 5.26 4.65 3.99
Dual QML 6.20 4.21 3.39 1.93
Table 5. Comparison with other algorithms’
average error rate(%) using PIE dataset
. PIE
Algorithm
m=2 | m=4 | m=6 | m=8
APCA 20.11 | 16.90 | 13.34 | 10.54
LDA 22.54 | 15.24 | 13.01 9.56
K-LDA 21.90 | 18.10 | 16.23 | 14.42
ER-KDA 15.88 | 10.42 9.90 7.54
Dual QML 13.12 | 8.34 6.45 5.32
Table 6. Comparison with other algorithms’

average error rate(%) using FERET dataset

. FERET

Algorithm

m=2 m=4 m=6
APCA 30.25 26.81 20.80
LDA 34.27 25.18 18.43
K-LDA 25.33 14.95 10.29
ER-KDA 22.54 10.15 8.34
Dual QML 19.21 6.15 5.43
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Table 7. Comparison with other algorithms’
average error rate(%) using FRGC dataset

FRGC

Algorithm

m=2 | m=4 | m=6 | m=8
APCA 67.23 | 58.90 | 46.17 | 35.42
LDA 65.34 | 57.54 | 44.75 | 32.14
K-LDA 54.82 | 43.93 | 39.11 | 26.64
ER-KDA 51.13 | 41.53 | 34.00 | 26.66
Dual QML | 43.22 | 35.14 | 29.14 | 20.45

Table 8. Comparison with other algorithms’
average error rate(%) using PolyU dataset

A Ho]%o] Dual QML
Aol vl FEA- o)A

#7o]}.

d%— 17kl <
SFAE

1ol S7h
o] wl¢ W&

Table 11. Comparison with other algorithms’
operating time for enrollment and test using AR

. PolyU

Algorithm

m=2 | m=4 | m=6 | m=8
APCA 25.61 | 16.19 9.43 6.20
LDA 27.12 | 19.50 | 12.23 9.09
K-LDA 26.23 | 19.43 | 10.90 8.11
ER-KDA 20.01 | 12.96 9.20 7.90
Dual QML | 16.07 | 10.69 | 7.87 5.13

Table 9. Comparison with other algorithms’
average error rate(%) using CASIA dataset

CASIA

Algorithm

m=2 | m=4 | m=6 | m=8
APCA 19.59 | 16.53 | 13.29 | 10.33
LDA 21.34 | 15.51 | 12.20 8.93
K-LDA 19.02 | 14.95 | 13.93 | 10.02
ER-KDA 14.67 | 10.54 7.94 5.99
Dual QML | 13.55 | 8.78 5.31 4.92

Table 10. Comparison with other algorithms’
average error rate(%) using IIT Delhi dataset

. IIT Delhi

Algorithm

m=2 m=4
APCA 24.28 17.90
LDA 24.98 16.31
K-LDA 17.23 14.64
ER-KDA 16.46 8.29
Dual QML 13.83 5.72

219l Table 4%€ Table 107}4¢] ZE Bl
Dual QMLe] th melzEe) ula) Aahert &
S8 AL & 4 slek % oflel Table 11

dataset
Algorithm Enrollment Test
APCA 66 sec 0.008 sec
LDA 84 sec 0.008 sec
K-LDA 522 sec 3.501 sec
ER-KDA 1,032 sec 3.802 sec
Dual QML 5,201 sec 1.431 sec
w3} Dual QML—‘”— 7} Class M2 %2 Ald
A& g Matrixs 27] AR88b7] witel,
H] 287l —i*l Zb Enk ohue} v me] SHeA e
HASE 4T Fart vk mEbd 2 =EelAe
Segmentation® Normalizations %A= =4
o7 ARgatleh. o] AAe] HAE FEl] &+

gl Eahs ofelst Ak,

¢ w olmAlE 2R ARShs Aol obd
oA AHgE FA dguke Feiy] w2
o A3 1577} 7hesiet

o oAl AAE ARshs Aol obd - o
A& AHEE] we] B A elme] 2
FE 7o 5 sl

Table 12 CASIA ®loJe] Set& AR-3to] Al

A7) A4S sk dol 208 B A7l

Table 12. Preprocessing time for an image

Operating time
Segmentation 4.8276 sec
Normalization 0.2405 sec

wd Az JAE Eo ol vz 27eke
o}z ] Table 132 £3] <& 5= glt}.

Table 13. Memory requirement for an image

Memory requirement

Before preprocessing 13KB

After preprocessing 1KB
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