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Person Identification Using Iris Recognition

Prof. S. R. Ganorkar and J. A. Deshpande

Abstract—The authentication of people using iris-based
recognition is a widely developing technology. Personal
identification system consists of localization of the iris region,
extracting iris features, generation of data set of iris images
and then iris pattern recognition. This paper presents an iris
detection and recognition method, which adopts the wavelet
transform to extract iris texture features and an artificial
neural network as classifier. The classification is done using
Multi Layer Perceptron with sigmoid transfer function. The
classification accuracy obtained is 92.14% and MSE is 0.0052.

The corresponding FRR and FAR is 0% and 7.8% respectively.

Index Terms—Artificial neural network, iris segmentation,
pupil detection, wavelet transform.

I. INTRODUCTION

Personal identification based on biometrics has been
receiving extensive attention in public security and
information security domains. The biometrics identification
uses physiological characteristics of humans and
distinguishes one from another. Biometrics refers to
automatic identity authentication of a person on a basis of
one's unique physiological or behavioral characteristics. To
date, many biometric features have been applied to
individual authentication. The commonly used biometrics
features include speech, fingerprint, face, voice, hand
geometry, signature, DNA and so on. The iris, a kind of
physiological feature with genetic independence, contains
extremely information-rich physical structure and unique
texture pattern, and thus is highly complex enough to be
used as a biometric signature. Statistical analysis reveals
that irises have an exceptionally high degree-of-freedom
and thus are the most mathematically unique feature of the
human body more unique than fingerprints. Hence, the
human iris promises to deliver a high level of uniqueness to
authentication applications that other biometrics cannot
match. Iris region is the part between the pupil and the
white sclera. This field is sometimes called iris texture. The
human iris is not changeable and is stable. From one year of
age until death, the patterns of the iris are relatively constant
over a person’s lifetime. Fig. 1 shows the iris image from
the CASIA iris database.
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Fig 1. An eye image

Iris recognition consists of the iris capturing,
preprocessing and recognition of the iris region in a digital
eye image. Each of these steps uses different algorithms. In
iris Localization step, the determination of the inner and
outer circles of the iris and the determination of the upper
and Lower bound of the eyelids are performed. The inner
circle is located between the iris and pupil boundary, the
outer circle is located between the sclera and iris boundary.

II. LITERATURE SURVEY

John Daugman developed a method for visual recognition
of personal identity using the structure of human’s iris. The
center of pupil and the inner boundary of the iris is detected
by the integro differential operator. The visible texture of
the person’s iris in a real time video image is encoded in a
compact sequence of multiscale 2-D Gabor wavelet
coefficients, whose most significant bit comprises of 256
byte ‘iris code’. The identification is done using the EXOR
operations of the iris codes at the rate of 4000 per second.
Hao Meng and Cuping Xu developed a system for
identification of persons based on Gabor wavelets. On the
texture feature extraction the transforms of Gabor wavelet is
introduced. Dividing the frequencies of Gabor into two
bands different Gabor scale parameters are selected in every
band and the appropriate location parameters are chosen.
The binary codes generated are used for iris recognition.

F. Hasin realized an iris recognition system using neural
networks on Altera FPGA. Back propagation is used for iris
recognition. The neural network architecture comprises of
three layers, input layer, hidden layer and output layer.

1II. METHODOLOGY
The block diagram of the system is shown in fig 2.
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Fig 2: Block Diagram of proposed system



IACSIT International Journal of Engineering and Technology, Vol.3, No.1, February 2011
ISSN: 1793-8236

Iris images are taken by CASIA iris image database. The
feature extraction is done by using wavelet transform. Data
sets will be prepared using features obtained by the feature
extraction technique. These obtained features are fed to the
ANN for the classification.

A. IRIS IMAGES

The images from CASIA iris image database are taken. It
contains 7 images of 108 persons, both left as well as right
eye images. They are of 280 x 320 bitmap images.

B. IRIS PREPROCESSING

The iris recognition consists of image acquisition, iris
segmentation, feature extraction and feature comparison.

C. Iris Localization/segmentation

In this step the actual iris region is isolated from the eye
image. The iris region can be approximated by two circles,
one for the iris/sclera boundary and the other, interior to the
first the iris pupil/boundary. The eyelids and eyelashes
normally occlude the upper and lower parts of the iris
region. Also specular reflections can occur within the iris
region corrupting the iris pattern. A technique is required to
isolate and exclude these parts as well as locating the
circular iris region. In order to determine the pupil boundary
and iris edges, the location of the pupil center is required.
The pupil and the iris centers are not concentric. The pupil
center is first located. The pupil part of the eye yields a near
tone of black and occupies most area of the image. For pupil
edge detection, a linear threshold is applied to the image as
stated below in equation (1).

G(x) =F(x)>70: 1 )
F(x)<70:0

Where F is the original image and G is the image
obtained after thresholding. Pixels with intensity greater
than empirical value of 70 (in a 0 to 256 scale) are
considered as

Fig. 3: Pupil Detection
white pixels and assigned a logical ‘1°. Pixels with intensity
smaller than or equal to the empirical value 70 are
considered as black pixels and assigned a logical ‘0’. Fig 3
shows the image obtained after applying the threshold. It
can be seen from the fig. that some part of the eyelashes
also satisfy the threshold condition. But the eyelashes are
not needed. To remove it the image is complemented and
the input image is treated as a matrix. From the input image
the 8 level connected pixels are obtained. From this matrix
the pupil region is obtained by making the region of
maximum connected pixels white. To get the edges of the
pupil consider two matrices hor center (1* 320) and
ver_center (280*1) that pass through the center. From the
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center consider only the left part. This matrix consists of 1’s
and 0’s. Flip this matrix. Get the position of the first pixel
with value ‘0’. From this value calculate the left edge of the
pupil. Repeat the procedure to get the right, top and bottom
edges of the pupil. By doing this we get left, right, top and
bottom edge of the pupil. This method efficiently segregates
the pupil from rest of the eye. This method has proves to be
very efficient when tested on the CASIA iris image
database. It correctly detects the pupil region for all the iris
images tested. The pupil region after segmentation is shown
in fig 4. The pupil radius is the distance between the edge
detected and the center of the pupil. The horizontal and the
vertical radii are thus obtained. In most of the cases they are
of same value, but in few images they differ by a small
value.

Figure 4: Segmented pupil region

After calculating the pupil center and the radius, the left
and right iris edges are detected. For this starting from the
right edge of the pupil till the end of the image, a window
size of 15 is taken. The average of every 15 pixels is
calculated. Then a difference of every two successive pixels
is calculated. The point where the difference is positive, the
right edge of the iris is located. Similar process is executed
to locate the left edge of the iris. After locating the left and
right edges of the iris, the portion outside these edges is
made white. The segmented iris region is shown in fig 5.

Figure 5: Iris segmented image

Once the iris region is successfully segmented from an
eye image, the next stage is to transform the iris region so
that it has fixed dimensions in order to allow comparisons.
The dimensional inconsistencies between eye images are
mainly due to the stretching of the iris caused by pupil
dilation from varying levels of illumination. Other sources
of inconsistency include, varying imaging distance, rotation
of the camera, head tilt, and rotation of the eye within the
eye socket. In order to transform the iris image a height= 2*
ry is considered. The right side of iris is considered first.
The iris region corresponding to 2 ry is taken for
comparison. Consider a baseline = height/ no.of rows. A
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matrix of 100 rows and 50 columns is created between the
start and end points of the iris region. The values of iris are
stored in the matrix created excluding the pupil region. The
same procedure is repeated for the left side. Another matrix
of 100 rows and 50 columns will be created. Concatenate
the two matrices to get a final matrix of 100 rows and 100
columns. Repeat these steps on all the input images and
create a database of only the iris images. Fig 6 shows the
concatenated iris image. The process is repeated on all the
input images to form a database of the iris images of all the
persons. This database is then stored in a separate file for
feature extraction.

Figure 6: Segmented iris region
D. Feature Extraction

The feature extraction part is very important part for the
entire iris recognition process. The iris images thus obtained
are then used for feature extraction. A discrete wavelet
transform is applied to the iris image to get the wavelet
coefficients. A large number of wavelet families are
available like Haar, Daubechies, Mexican Hat, Morlet etc.

The Haar wavelet transform is used to calculate the
wavelet coefficients in this system. Total 50 coefficients of
every iris image is calculated. The coefficients of all the
persons are saved in a single matrix. The single value
decomposition (svd) is applied to these coefficients. Out of
the 50 coefficients only 6 coefficients are considered for
comparison. Thus a training set is formed containing 6
coefficients of every image. The coefficients are then
converted into binary and then applied as inputs to the
Artificial Neural Network.

E.  Feature comparison

An artificial neural network is used for feature

comparison.

F. Artificial Neural Network

The word ‘Neural Network’ has been motivated from its
inception by the recognition that the human brain computes
in an entirely different way from the conventional digital
computer. The brain is a highly complex, non-linear and
parallel computer (information processing system) .It has
the ability to organize its structural constituents known as
neurons, so as to perform certain computations. At birth, a
brain has great structure and the ability to build up its own
rules through what we usually refer to as experience.

An artificial neural network (ANN), often just called a
"neural network" (NN), is a mathematical model or
computational model based on biological neural network . It
consists of an interconnected group of artificial network and
processes information using a connectionist approach to
computation. In most cases an ANN is an adaptive system
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that changes its structure based on external or internal
information that flows through the network during the
learning phase.

A neural network is a massively parallel-distributed
processor made up of simple processing units, which has a
natural propensity for storing experimental knowledge and
making it available for use. It resembles the brain in two
aspects:

Knowledge is acquired by the network from its
environment through a learning process.

Inter neuron connection strengths, known as synaptic
weights are used to store the acquired knowledge.

The procedure used to perform the learning process is
called a learning algorithm, the function of which is to
modify the synaptic weights of the network in an orderly
fashion to attain a desired design objective.

Models of a Neuron:

A neuron is an information-processing unit that is
fundamental to the operation of a neural network. The block
diagram shows a model of a neuron, which forms the basis
for designing neural networks.

Inputs Summer

weights Activation output

Function

(OO

Here we identify three basic elements of the neuronal
model:

1. A set of synapses or connecting links, each of
which is characterized by a weight or strength of
its own. Specifically, a signal xj at the input of
synapse j connected to neuron k is multiplied by
the synaptic weight wkj. The first subscript refers
to the neuron in question and the second subscript
refers to the input end of the synapse to which the
weight refers.

2. An adder for summing the input signals, weighted
by the respective synapses of the neuron.

3. An activation function for limiting the amplitude
of the output of the neuron. The activation function
is also referred to as squashing function in that it
squashes (limits) the permissible amplitude range
of the output signal to some finite value.

Figure 7: Model of a neuron

G. Learning Rules and Activation functions

The learning rule is defined as a procedure for modifying
the weights and biases of a network. (This procedure may
also be referred to as a training algorithm.) The learning
rule is applied to train the network to perform some
particular task. Supervised learning is used in this system.
The weights are adjusted so as to make the difference in the
actual output and the targeted output as small as possible.
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The activation functions are applied to the weighted sum of
the inputs of a neuron to produce the output. There are a
various number of activation functions used in the
designing of the neural network. Some of the common
activation functions are sigmoid function, linear function,
and exponential activation function.

H. Design of Neural Network

A multilayer feed forward network is designed for this
particular application with the following details:
No. of neurons in first layer = 80
No. of neurons in the hidden layer = 300
No. of neurons in output layer = 20
No. of epochs = 50000

Activation function: Sigmoid

The wavelet coefficients are applied to the input layer.
The network is then trained using the above details. After
the training the network is used for identification.

IV. RESULTS

In this system images of 20 persons are considered. Six
images per person are taken (3 images of left eye and 3
images of right eye). The wavelet coefficients for these 120
images are calculated and stored. Six coefficients per image
are calculated. From these 4 images of every person are
used to train the neural network. (2 images of left eye and 2
images of right eye). The coefficients of these 4 images are
then converted to binary and applied to the neural network
for training. Sample wavelet coefficients of 4 images are
listed in the table 1.

TABLE I. SAMPLE WAVELET COEFFICIENTS OF 4 IMAGES.

The training set for an unauthorized person is listed in the

table 4.
TABLE IV. SET OF AN UNAUTHORIZED PERSON

Haar wavelet coefficients of an unauthorized person

15745 [ 29522 | 262.27 | 202.61 | 189.49 | 175.59

Sample wavelet coefficients

231 238 244 232.5 241.5 260
237.5 253 243 247 240 251.5
213.5 226 226 262.5 252.5 260.5
208.5 216 211 223.5 265 272

These are the coefficients when Haar Wavelet is used.
The network is then trained using the training set of Haar
wavelet coefficients. The training set for the images of the
first person is listed in the table 2.

TABLE II. TRAINING SET OF FIRST IMAGE

Haar wavelet coefficients of first person Person
5546 | 1.57] 112|062 | 0613 | 056 1
5579 | 147 1.14]0.67 | 0606 | 0.58 1
5407 | 193] 120|070 |0687 | 0.62 1
5731 1.77] 123|074 [0629 | 059 1

After training the network is tested. The network is then
used for classification. If an image of the 20 persons listed
above is applied, then it results into an authorized person
and displays the name of the person. Else it displays
‘unauthorized person’. The testing set for an authorized
person is listed in the table 3.

TABLE III. SET OF AN AUTHORIZED PERSON

Haar wavelet coefficients of an authorized person

55.799 | 1.4705 | 1.1404 | 0.67359 | 0.60661 | 0.5867
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These sets are compared with the coefficients of the
authentic users which were used to train the neural network.
If there is a match, then the user is authentic and it displays
the name of the user. If the coefficients do not match then
the user is not authentic and it displays ‘Unauthorized
person’. The above procedure is repeated for 20 persons
(120 images) and the comparative analysis is displayed in

Table 5.
TABLE V. COMPARISON FOR VARIOUS WAVELETS
Haar | Dbl Db2 Db8
Classification 92.14% 90.17% 90% 89.28%
Accuracy
MSE 0.005219 0.005 0.00563 0.0053
FAR 0% 0% 0% 0%
FRR 7.80% 9.20% 10% 10.70%

V. CONCLUSION

The features of iris are extracted using the wavelet
transform. The wavelet coefficients are obtained using Haar,
dbl, db2 and db8 and corresponding training set were
prepared for each wavelet transform. These inputs are fed to
Multi Layer Perceptron Neural Network for classification.
The comparison for classification accuracy using wavelet
coefficients of Haar, dbl, db2 and db8 wavelets has been
carried out. The corresponding MSE is calculated with FAR
and FRR. The comparative analysis is displayed in Table 5.
It is concluded from table 5 that for haar wavelet the
obtained classification accuracy is 92.14% with MSE
0.0052 and FAR and FRR are 0% and 7.80% respectively.
Thus iris recognition is an accurate biometric to identify the
persons.

REFERENCES

[1] Uma Maheshwari,” Efficient Iris Recognition through Improvement
in Iris Segmentation Algorithm “,/JCGST- GVIP Journal, ISSN: 1687-
398X, Volume 8, Issue 2, July 2008

[2] Ryszard S. Choras,” Iris image recognition”, 6" International
Conference on Computer Information Systems and Industrial
Management Applications (CISIM'07) 0-7695-2894-5/07 © 2007

[3] Craig Belcher and Yingzi Du,” A Selective Feature Information
Approach for Iris Image-Quality Measure” 1556-6013/ © 2008 IEEE.

[4] Chowhan.S.S and G.N.Shinde, “Iris Biometrics Recognition
Application in  Security Management”, 978-0-7695-3119-9/08 ©
2008 [EEE DOI 10.1109/CISP.2008.766

[5] John Daugman, New Methods in Iris Recognition, /EEE transactions
on systems, man, and cybernetics—part b: cybernetics, vol. 37, no. 5,
October 2007

[6] Ryszard S. Choras, “Iris image recognition” 6" International
Conference on Computer Information  Systems and Industrial
Management Applications (CISIM'07) 0-7695-2894-5/07 © 2007

[7] H Demuth, and M. Beale, “Neural Network Toolbox for Use with
Matlab,” User’s Guide v.5, The MathWorks,2002.

[8] M.T Hagan and M. Menhaj, “Training feedforwardnetworks with the
Marquardt algorithm,” /EEE Trans. on Neural Networks, vol. 5, pp.
989-993, 1994

[91 Hong Bing Rong, “A new localization algorithm for Iris Recognition”
Information technology Journal 2009.

International Association of
Computer Science and Information Technology
WWW.IACSIT.ORG




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /KristenITC-Regular
    /KunstlerScript
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


