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Abstract—Perhaps the most important application of 
accurate personal identification is securing limited access 
systems from malicious attacks. Among all the presently 
employed biometric techniques, fingerprint identification 
systems have received the most attention due to the long 
history of fingerprints and their extensive use in forensics. This 
paper deals with the issue of selection of an optimal algorithm 
for fingerprint matching in order to design a system that 
matches required specifications in performance and accuracy. 
Two competing algorithms were compared against a common 
database using MATLAB simulations. 

 
Index Terms—Fingerprint Matching, Biometric System 

Design, MATLAB 
 

I. INTRODUCTION 

Conventional security systems used either knowledge-
based methods (passwords or PIN), and token-based 
methods (passport, driver license, ID card) and were prone 
to fraud because PIN numbers could be forgotten or hacked 
and the tokens could be lost, duplicated or stolen. To 
address the need for robust, reliable, and foolproof personal 
identification, authentication systems will necessarily 
require a biometric component. 

The word “biometrics”[1] comes from the Greek language 
and is derived from the words bio (life) and metric (to 
measure).  Biometric systems use a person’s physical 
characteristics (like fingerprints, irises or veins), or 
behavioral characteristics (like voice, handwriting or typing 
rhythm) to determine their identity or to confirm that they 
are who they claim to be. Biometric data are highly unique 
to each individual, easily obtainable non-intrusively, time-
invariant (no significant changes over a period of time) and 
distinguishable by humans without much special training. [2] 

Enrollment and authentication are the two primary 
processes involved in a biometric security system. During 
enrollment, biometric measurements are captured from a 
subject and related information from the raw measurements 
is gleaned by the feature extractor, and this information is 
stored on the database. During authentication, biometric 
information is detected and compared against the database 
through pattern recognition techniques that involve a feature 
extractor and a biometric matcher working in cascade 

A typical automated biometrics-based identification 
system consists of the six major components depicted in Fig. 
1. 
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Figure 1 - A generic biometrics-based system.[1] 

The data acquisition component acquires the biometric 
data in digital format by using a sensor. The second and 
third components of the system are optional, based on the 
system’s storage requirements. The fourth component 
employs a feature extraction algorithm to produce a feature 
vector whose components are numerical characterizations of 
the underlying biometrics. The fifth component of the 
system is the matcher which compares feature vectors to 
produce a score which indicates the degree of similarity 
between the pair of biometrics data under consideration. 
The sixth component of the system is a decision-maker that 
can be programmed to accommodate system specifications.  

System performance and accuracy is primarily 
determined by two parameters – FAR and FRR[7] . A 
genuine individual could be mistakenly recognized as an 
imposter. This scenario is referred to as “false reject” and 
the corresponding error rate is called the false reject rate 
(FRR); an imposter could be also mistakenly recognized as 
genuine. This scenario is referred to as “false accept” and 
the corresponding error rate is called the false accept rate 
(FAR). FAR and FRR are widely used measurements in 
today’s commercial environment. 

II. FINGERPRINT IDENTIFICATION 
Fingerprints are made of a series of ridges and furrows on 

the surface of the finger and have a core around which 
patterns like swirls, loops, or arches are curved to ensure 
that each print is unique[3] . An arch is a pattern where the 
ridges enter from one side of the finger, rise in the center 
forming an arc, and then exit the other side of the finger. 
The loop is a pattern where the ridges enter from one side of 
a finger, form a curve, and tend to exit from the same side 
they enter. In the whorl pattern, ridges form circularly 
around a central point on the finger. The ridges and furrows 
are characterized by irregularities known as minutiae, the 
distinctive feature upon which finger scanning technologies 
are based. Minutiae points are local ridge characteristics that 
occur at either a ridge bifurcation or a ridge ending. The 
ridge ending is the point at which a ridge terminates. 
Bifurcations are points at which a single ridge splits into 
two ridges. Minutiae and patterns are very important in the 
analysis of fingerprints since no two fingers have been 
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shown to be identical.  
There are five stages involved in finger-scan verification 

and identification:  
1. Fingerprint Image Acquisition 

2. Image Processing 

3. Locating Distinctive Characteristics 

4. Template Creation 

5. Template Matching 

A sensor takes a mathematical snapshot of the user's 
unique pattern, which is then saved in a fingerprint database. 
A fingerprint enhancement algorithm (that uses Gabor 
filters as band-pass filters to remove the noise and preserve 
true ridge/valley structures) is included in the minutiae 
extraction module to ensure that the performance of the 
system is not affected by variations in quality of fingerprint 
images.  

 

Figure 2 - The noisy fingerprint image, output of the enhancement module 
and the final binary image. 

The continuously changing directions of the ridges 
constitute an oriented texture possessing different spatial 
frequency, orientation, or phase; and hence, by 
decomposing the image in several spatial frequency and 
orientation channels fingerprints can be discriminated or 
matched. 

A. Feature Extraction 
Most Feature extraction algorithms function on the 

following four steps 
 Determine a reference point for the fingerprint 

image, 
 Tessellate the region around the reference point, 
 Filter the region of interest in different directions, 

and, 
 Define the feature vector. 

B. Fingerprint Matching 
Fingerprint matching refers to finding the similarity 

between two given fingerprint images. Due to noise and 
distortion introduced during fingerprint capture and the 
inexact nature of feature extraction, the fingerprint 
representation often has missing, spurious, or noisy features. 
Therefore, the matching algorithm should be immune to 
these errors. The matching algorithm outputs a similarity 
value that indicates its confidence in the decision that the 
two images come from the same finger.  
The existing popular fingerprint matching techniques can be 
broadly classified into three categories depending on the 
types of features used:[8] 

 Minutiae-based 
 Correlation-based 
 Euclidean distance-based 

One of the main difficulties in the minutiae-based 
approach is that it is very difficult to reliably extract 
minutiae in a poor quality fingerprint image. The simplest 
correlation-based technique is to align the two fingerprint 
images and subtract the input image from the template 
image to see if the ridges correspond. For the third approach, 
matching is based on a simple computation of the Euclidean 
distance between the two corresponding feature vectors, and 
hence is extremely fast. 

III. COMPARISON OF COMPETING FINGERPRINT MATCHING 
ALGORITHMS 

From an extensive research of available literature, it was 
found that software based on competing matching 
algorithms had been developed and were available as 
freeware. Most of them were built upon a common 
MATLAB based platform by picking up m-files from an 
open source and integrating them according to the algorithm 
that they desired to implement.  

Two such software – one based on the traditional 
Minutiae-Matching Algorithm developed at the Hong Kong 
Baptist University, and the other a hybrid of the former and 
a novel Gabor-filter bank technique developed at the 
Michigan State University in the USA – were downloaded 
and compared against a common database. 

A. The  Database. 
The publicly available NIST Special Database 4, which 

contains 8-bit gray scale images of randomly selected 
fingerprints distributed for use in the development and 
testing of automated fingerprint classification systems was 
used. In addition, a small personal database of 20 prints (10 
pairs) was created from my friends, by the inked method. 
The images were scanned using a standard Epson scanner 
and saved in the JPEG format at 500dpi according to the 
accepted standard. 

B. A Minutiae-Based Matcher (developed by the Hong 
Kong Baptist University) 
To implement a minutia extractor, a three-stage approach 

is used, as shown in Fig 3.  

 

Figure 3 - Minutiae Extractor Block Diagram, HKBU 

For the fingerprint image preprocessing stage, they used 
Histogram Equalization and Fourier Transform for image 
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enhancement. Binarization is done using the locally 
adaptive threshold method. For the post-processing stage, a 
more rigorous algorithm is developed to remove false 
minutia. 

C. Fingerprint Recognition System 5.1 
It is developed by S. Prabhaker and A. Jain at Michigan 

State University, and published as free-ware by Luigi Rosa 

[3].  The proposed filter-based algorithm uses a bank of 
Gabor filters to capture both local and global details in a 
fingerprint as a compact fixed length feature vector called a 
FingerCode [5] . The fingerprint matching is based on the 
Euclidean distance between the two corresponding 
FingerCode vectors. 

D. The Method of Comparison  
It was noted that, on the whole, the prints obtained from 

the NIST database-4 were of superior quality to the inked 
ones. 50 (25 pairs) fingerprint images of quality better than 
the rest (based on observation) were selected out of the total 
sum and fed first as input into the minutiae based matcher [4], 
and then into the filter-bank based matcher [3]. Both the 
softwares enable the user to first enter one of the two 
fingerprints in a matched pair in a database that the 
programs save locally on the disk. Then they asks for a 
second print to be matched against the database in the 
search for a match. The output values from each 
measurement were recorded. 

IV. RESULTS 
The minutiae based approach [2] discussed in IIIB is used,  

at low FARs it captured a good amount of global 
information and was able to distinguish between 
fingerprints that have a very similar global structure.  

When 25 pairs of fingerprints (of superior quality) were 
fed into the software using filter based algorithm discussed 
in section IIIC, the results were as follows: ( Threshold 
Value = 35 ) 

 No. of False Accepts = 2 (8 %) 

 No. of False Rejects = 1 (4 %) 

Now, here, we have a sort of an anomaly. Since the false 
accept rate is greater than the false reject rate, this would 
seem to suggest that the algorithm offers very little security, 
and is almost not effective at all. The cause of this sort of 
deviation may be attributed to the fact that the database that 
was used was small, and not representative of the minimum 
decorum needed for the proper functionality of the software. 
Possible, this could be remedied by using a large number of 
prints over which this error might gradually recede to the 
acceptable limits. 

From the data provided by the vendor, it can be seen that 
these errors lie within acceptable ranges when the software 
was tested against a standard 10,000 print strong database. 

One more issue worth addressing here is that incase we 
have to proceed with such a situation where number of FAR 
is greater than FRR, what we could do is create a log of 
every query made to the system and incase of every FAR 
we could use human intervention to clarify the claim to 
access till the system is fixed. 

We noticed that the imposter distribution was wider than 
the corresponding imposter distribution obtained for the 
other algorithm. The reason for this is that the FingerCodes 
are capable of capturing more global and local information. 
The genuine distribution for this approach was quite narrow 
since the Euclidean-distance based algorithm uses Gabor-
filters to enhance the noisy image whereas the former 
algorithm uses a Histogram Equalization technique.  

V. INFERENCE 
The most important outcome of this study was the fact 

that none of the two approaches was a clear cut winner in 
terms of performance, and hence none of them can be 
preferred over the other in a general sense. To improve 
overall performance, perhaps a combination of two or more 
known algorithms is necessary since all algorithms have 
their advantages and disadvantages. 

Perhaps the most important fact to be understood here is 
that the most efficient and effective method to improve the 
verification for any given system is to combine known 
algorithms in a way that we can capitalize on the advantages 
of each and use them to overcome the shortcomings of the 
complementing techniques. 

VI. SYSTEM DESIGN ISSUES 
Many different fingerprint biometric technologies are 

available today. A highly secure fingerprint biometrics may 
be difficult and time-consuming to use. On the other hand, a 
convenient fingerprint sensor may enhance the ease and 
speed of use at the expense of security. It is important to 
understand the security requirements of an application and 
the level of convenience needed by the users of the 
biometric system.  

First, we define ‘Security’ and ‘Convenience’ in terms of 
known variables FAR and FRR: 

 Convenience = 1 – FRR                         (1) 
 Security = 1 – FAR                                (2) 

The higher the FRR, the less convenient the application is 
because more subjects are incorrectly recognized and 
therefore subject to denial of service or exception handling 
process. The higher the FAR, the less secure the application, 
since it will grant access to malicious imposters. Hence, it is 
important to realize the ‘Security/Convenience Trade-off’[7] 
as shown in Fig. 4 

 

Figure 4 - The Security/Convenience Trade-Off 

Depending upon the security or convenience needs of a 
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particular application, the designer can estimate the FAR 
and FRR thresholds at which the system would operate.  

When it comes to personal electronic devices such as 
laptops or mobile telephones, cost and user convenience 
will be important considerations. Since this application has 
a low number of people using each device, a moderate FAR 
is an acceptable security risk. Because the sensor can be 
quickly re-swiped in case of a rejection, a moderate FRR is 
acceptable. 

In a limited access facility, the overriding concern will be 
security, and not the convenience of the people using the 
system or the cost of the sensor. Technically, this type of 
application requires a very low FAR, to ensure that security 
is very high. This means that the sensor and matching 
system must be extremely sensitive to variations. They, 
however, could deny access to authorized users (higher FRR) 
from time to time which is the price to pay for enhanced 
security. (Convenience is compromised). 

Systems at immigration departments form a typical case. 
Security must be quite high so that criminals and terrorists 
or other malicious entities do not cross the border into a 
country. Additionally, the application must be very 
convenient so that a large number of people can be 
processed relatively quickly to keep the lines moving 
steadily. Technically, the security requirements of this 
application call for a low FAR, but must also have a 
moderately low FRR to keep the lines short and moving. In 
the case of FRR situations, a person will be pulled out of 
line and reviewed manually by a border control agent. 

A. Comparing Security Systems 
The ROC curves of two different systems plotted on the 

same axes enable us to view their comparative performance. 
Based on this curve we can decide which would be better 
suited to a particular application, considering we have the 
relevant data describing the specifications of both the 
systems. As evident from Fig. 5, matcher ‘a’ is superior to 
matcher ‘b’ since for every possible FRR, its FAR is lower. 

 

Figure 5 - Comparison of systems based on ROC 

A DET curve is a modified ROC curve[9] which is 
sometimes preferred for its ease of interpretation. It plots 
FRR vs. FAR using logarithmic axes. This helps to spread 
out the plot and helps in identifying superior system 
performance more clearly.  

VII. CONCLUSION AND FUTURE WORK 
The issue of selection of an optimal algorithm for 

fingerprint matching in order to design a system that 
matches the expectations in performance and accuracy is of 
great concern to designers. It is essential to first understand 
the basic architecture of a biometric based security system 
and then proceed onto finding out how a typical fingerprint 
authentication system works. 

In order to achieve desired accuracy and system 
performance, it is essential to fully understand all 
specifications and then implement a combination of existing 
algorithms (or a modification of them).   

From freeware available on the internet, image processing 
toolboxes and other such resources can be downloaded and 
integrated on a MATLAB platform to create a personal 
small scale authentication system. 

ACKNOWLEDGMENT 
Dushyant  Khosla would like to acknowledge Dr. Mary 

Lourde, his project guide for her immense support, genuine 
concern and invaluable advice that helped and guided him 
whenever the need arose.   

REFERENCES 
[1] Bolle R, Connell J, et al. Guide to Biometrics, Springer, 2003. 
[2] Jain LC, Intelligent Biometric Techniques in Fingerprint and Face 

Recognition, CRC Press, 1999 
[3] Maltoni D, Jain AK, Maio D, Prabhakar S, Handbook of Fingerprint 

Recognition, Springer, 2004 
[4] Vacca JR, Biometric Technologies and Verification Systems, 

Butterworth-Heinenmann, 2007 
[5] Munir MU, Javed MY; ''Fingerprint Matching using Gabor Filters''; 

2005 
[6] NTSC Subcommittee on Biometrics, ''Fingerprint Recognition'', 2000 
[7] http://www.isc365.com/Biometrics_Security_Vs_Convenience.aspx 
[8] http://www.csse.uwa.edu.au/~pk/Research/MatlabFns 
[9] http://biometrics.cse.msu.edu/fingerprint.html 

 



<<
  /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
    /EstrangeloEdessa
    /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
    /Gautami
    /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
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /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
    /Mangal-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
    /Raavi
    /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
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 (None)
  /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


