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$EVWUDFW� ±� 5HOLDEOH� DQG� DFFXUDWH� ILQJHUSULQW� UHFRJQLWLRQ� LV� D� FKDOOHQJLQJ� SDWWHUQ� UHFRJQLWLRQ�

SUREOHP�� UHTXLULQJ� DOJRULWKPV� UREXVW� LQ�PDQ\� FRQWH[WV�� 7KLV� FRPSHWLWLRQ� DWWHPSWV� WR� HVWDEOLVK� D�

ILUVW�FRPPRQ�EHQFKPDUN��DOORZLQJ�FRPSDQLHV�DQG�DFDGHPLF�LQVWLWXWLRQV�WR�XQDPELJXRXVO\�FRPSDUH�

SHUIRUPDQFH� DQG� WUDFN� LPSURYHPHQW� LQ� WKHLU� ILQJHUSULQW� UHFRJQLWLRQ� DOJRULWKPV�� )RXU� GDWDEDVHV�

KDYH� EHHQ� FUHDWHG� XVLQJ� GLIIHUHQW� ³VWDWH�RI� WKH�DUW´� VHQVRU� WHFKQRORJLHV� DQG����DOJRULWKPV�KDYH�

EHHQ�H[WHQVLYHO\�WHVWHG�RQ�WKHP��:H�EHOLHYH�WKDW�WKH�)9&�����GDWDEDVHV�DQG�UHVXOWV�ZLOO�EH�XVHIXO�

ERWK� WR� WKH�SDUWLFLSDQWV�DQG��PRUH�JHQHUDOO\�� WR�DOO�SUDFWLWLRQHUV� LQ� WKH� ILHOG��DV�D�EHQFKPDUN� IRU�

LPSURYLQJ�PHWKRGV�DQG�IRU�HQDEOLQJ�XQELDVHG�HYDOXDWLRQ�RI�DOJRULWKPV���

,QGH[�7HUPV�± Fingerprint recognition, Performance evaluation, Biometric systems. 

1. INTRODUCTION 

In the last decade, interest in fingerprint-based biometric systems has grown significantly [1]. 

Activity on this topic increased in both academia and industry as several research groups and 

companies developed new algorithms and techniques for fingerprint recognition and as many new 

electronic fingerprint acquisition sensors were launched into the marketplace. 

Nevertheless, to date only a few benchmarks have been available for comparing developments in 

this area. Developers usually perform internal tests over self-collected databases. In practice, the 

only largely diffused datasets are the (U.S.) National Institute of Standards and Technology (NIST) 

CR-ROMs [2] [3] containing thousands of images scanned from paper cards where fingerprints 

were impressed by rolling “nail to nail” inked fingers. Since these images significantly differ from 

those acquired electronically, they are not well-suited for testing “on-line” fingerprint systems. 
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NIST recently released a database of live-image sequences [4]. Although suitable for studying 

plastic distortion affecting the on-line acquisition process, it contains 100 live-sequences from only 

10 individuals, a dataset too small to allow recognition accuracy to be measured with high 

confidence. 

The lack of standards has unavoidably lead to the dissemination of confusing, incomparable and 

irreproducible results, sometimes embedded in research papers and sometimes enriching the 

commercial claims of marketing brochures.  

The aim of this initiative is to take the first steps toward the establishment of a common basis, 

both for academia and industry, to better understand the state-of-the-art and what can be expected 

from this technology in the future. We decided to “dress” this effort as an international open 

competition to boost interest and give our results larger visibility. 15th ICPR 2000 was ideal for this 

purpose. Starting in late spring 1999, when the FVC2000 web site (KWWS���ELDV�FVU�XQLER�LW�IYF�����) 

was set up, we broadly publicized this event, inviting all companies and research groups we were 

aware of to take part. 

From the beginning, we premised that the competition was not an official performance 

certification of the participant biometric systems, as: 

• the databases used in this contest have not been acquired in a real environment and according to 

a formal protocol [5] [6] [7] [8] (also refer to [11] for an example of performance evaluation on 

real applications).  

• only parts of the participants’ software are evaluated by using images from sensors not native to 

each system. In fact, fingerprint-based biometric systems often implement proprietary solutions 

to improve robustness and accuracy (e.g. quality control modules to reject poor quality 

fingerprints, visual feedback to help the user in optimally positioning his/her finger, using 

multiple fingerprint instances to build more reliable templates, etc.) and these contributions are 

here discounted.  

According to the definition reported in [6] [7], FVC2000 should be conceived as a WHFKQRORJ\�

HYDOXDWLRQ (with some analogies with the FERET contest organized by P. J. Philips on face 

recognition [9]). In fact, strictly citing [8]: 

“7KH� JRDO� RI� D� WHFKQRORJ\� HYDOXDWLRQ� LV� WR� FRPSDUH� FRPSHWLQJ� DOJRULWKPV� IURP� D� VLQJOH� WHFKQRORJ\��

7HVWLQJ� RI� DOO� DOJRULWKPV� LV� GRQH� RQ� D� VWDQGDUGL]HG� GDWDEDVH� FROOHFWHG� E\� D� ³XQLYHUVDO´� VHQVRU��

1RQHWKHOHVV�� SHUIRUPDQFH� DJDLQVW� WKLV� GDWDEDVH� ZLOO� GHSHQG� XSRQ� ERWK� WKH� HQYLURQPHQW� DQG� WKH�

SRSXODWLRQ�LQ�ZKLFK�LW�ZDV�FROOHFWHG��&RQVHTXHQWO\��WKH�³WKUHH�EHDUV´�UXOH�PLJKW�EH�DSSOLHG��DWWHPSWLQJ�

WR�FUHDWH�D�GDWDEDVH� WKDW� LV�QHLWKHU� WRR�GLIILFXOW�QRU� WRR�HDV\� IRU� WKH�DOJRULWKPV� WR�EH�WHVWHG��$OWKRXJK�
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VDPSOH�RU�H[DPSOH�GDWD�PD\�EH�GLVWULEXWHG� IRU�GHYHORSPHQWDO�RU� WXQLQJ�SXUSRVHV�SULRU�WR�WKH�WHVW�� WKH�

DFWXDO�WHVWLQJ�PXVW�EH�GRQH�RQ�GDWD�ZKLFK�KDV�QRW�EHHQ�SUHYLRXVO\�VHHQ�E\�DOJRULWKP�GHYHORSHUV��7HVWLQJ�

LV�GRQH�XVLQJ�³RII�OLQH´�SURFHVVLQJ�RI�WKH�GDWD��%HFDXVH�WKH�GDWDEDVH�LV�IL[HG��UHVXOWV�RI�WHFKQRORJ\�WHVWV�

DUH�UHSHDWDEOH�´�

In FVC2000, the “universal” sensor is actually a collection of four different sensors to better 

cover the recent advances in fingerprint sensing techniques. In fact, databases 1 and 2 were 

collected by using two small-size and low-cost sensors (optical and capacitive, respectively). 

Database 3 was collected by using a higher quality (large area) optical sensor. Finally, images in 

database 4 were synthetically generated by using the approach described in [10]. Each of the four 

databases contained 880 fingerprints from 110 different fingers, collected using the “three bears 

rule” (not too easy, not too hard), as estimated prior to the test from our collective subjective 

experiences with fingerprint recognition algorithms. Each database was split into a sequestered 

“test” set of 800 images (set A) and an open “training” set of 80 images made available to 

participants for algorithm tuning (set B). 

In March 2000, after several months of active promotion, we had 25 volunteering participants 

(about 50% from academia and 50% from industry), far more than our initial expectation (so we 

had a lot of work to do!). By the end of April, the training sets were released to the participants.. 

After the submission deadline (June 2000) for the executable computer programs, the number of 

participants decreased to 11 (most of the initially registered companies withdrew). Some of the 

withdrawals were undoubtedly due to the lack of time necessary to make algorithms “compatible” 

with FVC2000 images, but most were probably caused by the misalignments that some participants 

found between the performance measured on the FVC2000 training sets and their internal test sets; 

whilst this is not necessarily a problem for an academic research group, it could play negatively for 

a company releasing accuracy numbers significantly different from those measured at FVC2000. 

Perhaps, we did not stress strongly enough in our “Call for Participation” that FVC2000 is a test of 

relative technology performance, not intended to predict performance in a real environment. In any 

case, the 11 algorithms (see Table I) received were more than anticipated, so we started working on 

the submitted executables to complete their evaluation by August 2000. 

Section II of this report summarizes the FVC2000 submission rules, while Section III describes 

the four databases used. In Section IV we present the criteria and the procedures used for 

performance evaluation. Section V reports the overall performance of the participant algorithms on 

each database and concludes with a comparison of the average results (more detailed results are 

included in Appendix A). Finally, in Section VI, we draw some concluding remarks and discuss 

how we intend to continue supporting this initiative in the future. 
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Table I: Participant algorithms list: a four digit ID has been assigned to each algorithm. 7 algorithms are 
from academic groups and 4 algorithms are from companies (Sagem SA submitted 2 different algorithms).  

2. ALGORITHM SUBMISSION POLICY 

Each participant was required to submit two executables in the form of “win32 console 

application”. The submission of UNIX executables was also possible, although not encouraged . 

Ten participants submitted Windows applications and just one participant (FPIN) submitted 

executables for Linux O.S.  

According to the given specification, the executables take the input from command-line 

arguments and append the output to a text file. The input includes a database-specific configuration 

file; in fact, participants were allowed to submit 4 distinct configuration files CF1.cfg, CF2.cfg, 

CF3.cfg and CF4.cfg (one for each database) in order to adjust the algorithm’s internal parameters 

according to each specific database. Configuration files are text files or binary files and their I/O is 

responsibility of the participant’s code. Configuration files can also contain pre-computed data to 

save time during enrollment and matching.  

• The first executable (ENROLL_XXXX) enrolls a fingerprint image and produces a template 

file; the command-line syntax is: 

(152//B;;;; LPDJHILOH�WHPSODWHILOH�FRQILJILOH�RXWSXWILOH�,,  where 

;;;;: is the participant id 

LPDJHILOH: is the input TIF image pathname  

WHPSODWHILOH: is the output template pathname 

FRQILJILOH: is the configuration file pathname 

RXWSXWILOH: is the output text-file where a log string (of the form LPDJHILOH�
WHPSODWHILOH�UHVXOW) must be appended; UHVXOW is “OK” if the enrollment can 
be performed or “FAIL” if the input image cannot be processed by the algorithm. 

,'� 2UJDQL]DWLRQ� 7\SH�
&(73�  CEFET-PR / Antheus Technologia Ltda (Brasil) Academic 
&631�  Centre for Signal Processing, Nanyang Technological University (Singapore) Academic 
&:$,�  Centre for Wavelets, Approximation and Information Processing, Department of 

 Mathematics, National University of Singapore (Singapore) 
Academic 

',7,�  Ditto Information & Technology Inc. (Korea) Company 
)3,1�  FingerPin AG (Switzerland) Company 
.5'/�  Kent Ridge Digital Labs (Singapore) Academic 
160,�  Natural Sciences and Mathematics, Institute of Informatics (Macedonia) Academic 
6$*��  SAGEM SA (France) Company 
6$*��  SAGEM SA (France) Company 
8,1+�  Inha University (Korea) Academic 
87:(�  University of Twente, Electical Engineering (Netherlands) Academic 



 5

 

• The second executable (MATCH_XXXX) matches a fingerprint image against a fingerprint 

template and produces a similarity score; the command-line syntax is: 

0$7&+B;;;; LPDJHILOH�WHPSODWHILOH�FRQILJILOH�RXWSXWILOH�, where: 

;;;;: is the participant id 

LPDJHILOH: is the input TIF image pathname  

WHPSODWHILOH: is the input template pathname 

FRQILJILOH: is the configuration file pathname 

RXWSXWILOH: is the output text-file where a log string (of the form LPDJHILOH�
WHPSODWHILOH�UHVXOW�VLPLODULW\) must be appended; UHVXOW is “OK” if 
the matching can be performed or “FAIL” if the matching cannot be executed by the 
algorithm; VLPLODULW\ is a floating point value ranging from 0 to 1 which indicates 
the similarity between the template and the fingerprint: 0 means no similarity, 1 
maximum similarity. 

 

Two C-language skeletons for ENROLL_XXXX and MATCH_XXXX were made available on-line 

to reduce the participants implementation efforts. These source files perform all the necessary I/O 

(including TIF image loading).  

We also premised that, for practical testing reasons, we should limit the maximum response time 

of the algorithms: max. 15 seconds for each enrollment, max. 5 seconds for each matching. The test 

was executed on Pentium III - 450 MHz machines (under Windows NT 4.0 and Linux RedHat 6.1). 

Once all the executables were submitted, feedback was sent to the participants by providing them 

the results of their algorithms over the training set B (the same data set they had previously been 

given) to allow them to verify that neither run-time problems nor hardware-dependent misbehaviors 

were occurring on our side. 
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3. DATABASES 

Four different databases (hereinafter DB1, DB2, DB3 and DB4) were collected by using the 

following sensors/technologies: 

DB1: low-cost optical sensor “Secure Desktop Scanner” by KeyTronic* 

DB2: low-cost optical capacitive sensor “TouchChip” by ST Microelectronics* 

DB3: optical sensor “DF-90” by Identicator Technology* 

DB4: synthetic generation based on an evolution of the method proposed in [10]. 

Each database is 110 fingers wide (Z) and 8 impressions per finger deep (G) (880 fingerprints in 

all); fingers from 101 to 110 (set B) have been made available to the participants to allow parameter 

tuning before the submission of the algorithms; the benchmark is then constituted by fingers 

numbered from 1 to 100 (set A). 

Table II summarizes the global features of the four databases and Figure 1 shows a sample 

image from each of them. 

 6HQVRU�7\SH� ,PDJH�6L]H� 6HW�$��Z×G�� 6HW�%��Z×G�� 5HVROXWLRQ�

'%�� Low-cost Optical Sensor 300×300 100×8 10×8 500 dpi 
'%�� Low-cost Capacitive Sensor 256×364 100×8 10×8 500 dpi 

'%�� Optical Sensor 448×478 100×8 10×8 500 dpi 
'%�� Synthetic Generator 240×320 100×8 10×8 About 500 dpi 

Table II. The four FVC2000 databases. 

Figure 1. Sample images taken from DB1, DB2, DB3 and DB4. In order to show the different image size of 
each database, the four images are reported at the same scale factor. 

                                                 
* Some equipment are here identified in order to clearly specify the features of the databases. In no case such 
identification imply recommendation or endorsement by the authors, nor does it imply that these devices are necessarily 
the best available for the purpose.  

DB1 DB2 DB3 DB4 
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It is worth emphasizing that the choice of providing more than one database is not aimed at 

comparing different acquisition technologies and devices; the results obtained by the algorithms on 

the different databases should not be conceived as a quality measure of the corresponding sensors, 

since the acquisition conditions and the volunteer crew of each database are different. 

 

More in detail, DB1 and DB2 have the following features: 

• the fingerprints are mainly from 20 to 30 year-old students (about 50% male). 

• up to four fingers were collected for each volunteer (forefinger and middle finger of both the 

hands). 

• the images were taken from untrained people in two different sessions and no efforts were 

made to assure a minimum acquisition quality. 

• all the images from the same individual were acquired by interleaving the acquisition of the 

different fingers (e.g., first sample of left forefinger, first sample of right forefinger, first 

sample of left middle, first sample of right middle, second sample of the left forefinger, ...). 

• the presence of the fingerprint cores and deltas is not guaranteed since no attention was paid 

on checking the correct finger centering. 

• the sensor platens were not systematically cleaned (as usually suggested by the sensor 

vendors). 

• the acquired fingerprints were manually analyzed to assure that the maximum rotation is 

approximately in the range [-15°, 15°] and that each pair of impressions of the same finger 

have a non-null overlapping area. 

In Figures 2, 3, 4 and 5 some images from DB1 and DB2 are shown. 

 

As far as DB3 is concerned: 

• the fingerprints are from 19 volunteers between ages 5 to 73 (55% male). 

• one-third of the volunteers were over 55 years of age. 

• one-third of the volunteers were under 18 years of age. 

• one-sixth of the volunteers were under 7 years of age. 

• two images of six fingers (thumb, fore and middle on left and right hands) were taken 

without interleave from each volunteer at each session. 

• each volunteer was seen at four sessions, with no more than two sessions on any single day. 

• the time between the first and last sessions was at least 3 days and as long as 3 months, 

depending upon volunteer. 
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• the sensor platen was systematically cleaned between acquisition of each image. 

• at one session with each volunteer, fingers were cleaned with rubbing alcohol and dried.  

• some part of the core was apparent in each image, but care was taken to avoid complete 

overlap between consecutive images taken during a single session.  

• the acquired fingerprints were manually analyzed to assure that the maximum rotation is 

approximately in the range [-15°, 15°] and that each pair of impressions of the same finger 

have a non-null overlapping area. 

Figures 6 and 7 show some sample images taken from DB3. 

 

DB4 needs some explanations. In general, using artificial images for testing biometric systems is 

not considered a “best practice” [7]. Although this “prejudice” is reasonable for a performance 

evaluation in real applications, we believe that in a technology evaluation event (like FVC2000) the 

use of synthetic images has three main advantages: 

• it supplies images which are native to none of the participant algorithms, thus providing a 

fair comparison; 

• synthetic fingerprint databases can be created at a very low cost. Acquiring a lot of 

fingerprints for testing purposes may be problematic due to the great amount of time 

required and to the privacy legislation which in some countries prohibits the diffusion of 

such a personal information. Furthermore, once a database has been “used”, it expires since 

for successive fair testing, a new unknown database is mandatory; 

• it is possible to adjust the database difficulty by exactly tuning different kinds of 

perturbations (e.g., maximum rotation and translation, amount of skin distortion, ...). 

If the generated artificial images were not a suitable simulation of real fingerprint patterns, the 

comparisons on the synthetic database would be misleading; on the other hand, the simultaneous 

presence of three real databases provides a natural way to check the validity of the results on DB4.  

The parameters of the synthetic generator were tuned to emulate a low-cost sensor with a small 

acquisition area; the maximum rotation and displacement and skin-distortion are adjusted to roughly 

reproduce the perturbations in the three previous databases. Figures 8 and 9 show some sample 

images taken from DB4. 
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Figure 2. Sample images from DB1; each row shows different impressions of the same finger. 

   

   

   
Figure 3. Images from DB1; all the samples are from different fingers and are ordered by quality (top-left: 
high quality, bottom-right: low quality). 
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Figure 4. Sample images from DB2; each row shows different impressions of the same finger. 

    

    

    
Figure 5. Images from DB2; all the samples are from different fingers and are ordered by quality (top-left: 
high quality, bottom-right: low quality). 
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Figure 6. Sample images from DB3; each row shows different impressions of the same finger. 

   

   

   
Figure 7. Images from DB3; all the samples are from different fingers and are ordered by quality (top-left: 
high quality, bottom-right: low quality). 
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Figure 8. Sample images from DB4; each row shows different impressions of the same finger. 

    

    

    
Figure 9. Images from DB4; all the samples are from different fingers and are ordered by quality (top-left: 
high quality, bottom-right: low quality). 
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4. PERFORMANCE EVALUATION  

In the following, for each database, we will refer to the M
th fingerprint sample of the Lth finger as 

FLM, L=1..100, M=1..8 and to the corresponding template (computed from FLM) as TLM.  

For each database and for each algorithm: 

• The templates TLM, L=1..100, M=1..7 are computed from the corresponding FLM and stored on disk; 

one of the following three kinds of rejection can happen for each image FLM: 

1. )�(Fail): the algorithm declares it cannot enroll the fingerprint image. 

2. 7 (Timeout): the enrollment exceeds the maximum allowed time (15 seconds).  

3. & (Crash): the algorithm crashes during fingerprint processing. 

The three types of rejections are singularly summed and their total is stored in 5(-(152//. 

• Each fingerprint template TLM which has been successfully created in the previous stage is 

matched against the fingerprint images FNL (M< N ≤ 8) and the corresponding *HQXLQH�0DWFKLQJ�

6FRUHV JPVLMN are stored*. The number of matches (denoted as 1*5$ - Number of Genuine 

Recognition Attempts) is ((8×7) /2) × 100 = 2,800 in case 5(-(152// = 0. It is possible to have 

Fail, Timeout (5 seconds) or Crash rejections. These events are accumulated into 5(-1*5$; no 

JPVLMN�is stored in this case. 

• Each fingerprint template T1L, L=1..100 is matched against the first fingerprint image from 

different fingers F1N (L< N ≤ 100) and the corresponding ,PSRVWRU�0DWFKLQJ� 6FRUHV LPVLN are 

stored. The number of matches (denoted as 1,5$ - Number of Impostor Recognition Attempts) 

is ((100×99) /2) = 4,950 in case 5(-(152// = 0. It is possible to have Fail, Timeout (5 seconds) 

or Crash rejections. These events are accumulated into 5(-1,5$; no LPVLN�is stored in this case. 

• The genuine matching score distribution and the impostor matching score distribution are 

computed and graphically reported to show how the algorithm “separates” the two classes. In 

fingerprinting, higher scores are associated with more closely matching images. 

• The )05(W) (False Match Rate) and )105(W) (False Non-Match Rate) curves are computed 

from the above distributions for W ranging from 0 to 1†. Given a threshold W, )05(W) denotes the 

percentage of LPVLN ≥ W, whereas )105(W) denotes the percentage of JPVLMN < W. Actually, since 

                                                 
* If the matching J against K is performed, the symmetric one (i.e., K against J) is not executed to avoid correlation. 

† FMR and FNMR are often referred as FAR (False Acceptance Rate) and FRR (False Rejection Rate) respectively, but 
the FAR/FRR notation is misleading in some applications. For example, in a welfare benefits system, which uses 
fingerprint identification to prevent multiple concessions under false identity, the system “falsely accepts” an applicant 
if his/her fingerprint is “falsely rejected”; otherwise, a "false acceptance" causes a "false rejection".   
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)05 and )105 are used in the contest to compare the performance of different algorithms, 

)05 and )105 are “corrected” to keep into account 5(-1,5$�and�5(-1*5$:  

( ) { }
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WFDUG
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��� ( )

{ }
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WFDUG

W
LMNLMN    
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This correction assumes that a failure to match is always treated by the system as a “non match” 

(matching score < 0). 

• A 52& (Receiving Operating Curve) is given where )105 is plotted as a function of )05; 

the curve is drawn in log-log scales for better comprehension. 

• The Equal Error Rate ((5 is computed as the point where )105(W) = )05(W); in practice the 

score distributions are not continuous and a crossover point might not exist. In this case, we 

report the interval [((5ORZ, ((5KLJK]: 

 �

{ } { }
( ) ( ){ }WWWPD[W

LNLMNW

)05)105
LPVJPV

≤=
∪∈

    1 ����� { } { }
( ) ( ){ }WWWPLQW

LNLMNW

)05)105
LPVJPV

≥=
∪∈

    2  

[ ] ( ) ( )[ ] ( ) ( ) ( ) ( )
( ) ( )[ ]


 +≤+

=
RWKHUZLVHW�W

WWWWLIW�W
� KLJKORZ

22

221111   

)105)05

)105)05)05)105)05)105
((5((5

�

and we estimate ((5 as (((5ORZ + ((5KLJK) /2 (see Fig. 10). 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. On the top an example is given where EER point exists. On the bottom two cases are shown 
where EER does not exist and the corresponding intervals are highlighted. 
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• ((5

 is computed as the value that ((5 would take if the matching failures (5(-1*5$ and 

5(-1,5$) were excluded from the computation of False Match and False Non-Match rates: 

( ) { }
1,5$

5(-1,5$

LPVLPV
)05

−
≥

=
WFDUG

W
LNLN


   
���� ( )

{ }
1*5$

5(-1*5$

JPVJPV
)105

−

<
=

WFDUG
W

LMNLMN

   

 

• =HUR)05 is given as the lowest FNMR at which no False Matches occur and =HUR)105 as 

the lowest FMR at which no False Non-Matches occur: 

( ) ( ) ( ){ }0== W_WPLQW
W

)05)105=HUR)05 ��� ( ) ( ) ( ){ }0== W_WPLQW
W

)105)05=HUR)105  

Both =HUR)05 and =HUR)105 may not exist; in such a case we assign to them the value 1. 

• The DYHUDJH� HQUROO� WLPH� is calculated as the average CPU time taken by a single enrollment 

operation, and DYHUDJH�PDWFK�WLPH�as the average CPU time taken by a single match operation 

between a template and a fingerprint image. 

5. RESULTS 

This section reports the performance of the tested algorithms on each separate database (Figures 11, 

12, 13, 14 and Tables III, IV, V, VI) and the average results over the four databases (Table VII). 

The notation introduced in Section 4 is used in both the graphics and tables, with the only exception 

of reporting 5(-(152// as a percentage value and to collapse both 5(-1*5$ and 5(-1,5$ into a 

single percentage value 5(-0$7&+: 

1*5$1,5$

5(-1*5$5(-1,5$
5(- 5$11,5$

0$7&+ +
⋅+⋅= *  

It is worth noting that, for a correct interpretation of the results, ((5 alone is not an exhaustive 

metric, but 5(-(152// should be also taken into account. 

For each algorithm, detailed results (including genuine and impostor distributions, FMR and FNMR 

curves, NGRA, NIRA, ...) are reported in Appendix A.  
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Figure 11. ROC curves on DB1. 

 

$OJRULWKP ((5 ((5
 5(-(152// 5(-0$7&+ $YJ�(QUROO�

7LPH 
$YJ�0DWFK�

7LPH 
6DJ� 0.67% 0.67% 0.00% 0.00% 2.48 sec 0.96 sec 
6DJ� 1.17% 1.17% 0.00% 0.00% 0.88 sec 0.88 sec 
&HWS 5.06% 5.06% 0.00% 0.00% 0.81 sec 0.89 sec 
&ZDL 7.06% 4.27% 3.71% 3.90% 0.22 sec 0.32 sec 
&VSQ 7.60% 7.60% 0.00% 0.00% 0.17 sec 0.17 sec 
8WZH 7.98% 7.98% 0.00% 0.00% 10.40 sec 2.10 sec 
.UGO 10.66% 7.35% 6.43% 6.59% 1.00 sec 1.06 sec 
)SLQ 13.46% 13.46% 0.00% 0.00% 0.83 sec 0.87 sec 
8LQK 21.02% 20.65% 1.71% 5.08% 0.53 sec 0.56 sec 
'LWL 23.63% 23.63% 0.00% 0.00% 0.65 sec 0.72 sec 
1FPL 49.11% 49.15% 0.00% 0.12% 1.13 sec 1.34 sec 

Table III. Algorithm performance over DB1 sorted by EER. 
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Figure 12. ROC curves on DB2. 

 

$OJRULWKP ((5 ((5
 5(-(152// 5(-0$7&+ $YJ�(QUROO�

7LPH 
$YJ�0DWFK�

7LPH 
6DJ� 0.61% 0.61% 0.00% 0.00% 2.63 sec 1.03 sec 
6DJ� 0.82% 0.82% 0.00% 0.00% 0.93 sec 0.93 sec 
&VSQ 2.75% 2.75% 0.00% 0.00% 0.17 sec 0.17 sec 
&ZDL 3.01% 2.16% 1.29% 1.29% 0.23 sec 0.30 sec 
&HWS 4.63% 4.51% 0.00% 0.09% 0.85 sec 0.98 sec 
.UGO 8.83% 7.53% 3.29% 4.41% 1.16 sec 2.88 sec 
8WZH 10.65% 10.65% 0.00% 0.00% 10.42 sec 2.12 sec 
)SLQ 11.14% 11.14% 0.00% 0.00% 1.16 sec 1.24 sec 
'LWL 13.83% 13.83% 0.00% 0.00% 1.21 sec 1.28 sec 
8LQK 15.22% 14.70% 0.86% 4.08% 0.60 sec 0.65 sec 
1FPL 46.15% 46.15% 0.00% 0.00% 1.28 sec 1.57 sec 

Table IV. Algorithm performance over DB2 sorted by EER. 
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Figure 13. ROC curves on DB3. 

 

$OJRULWKP ((5 ((5
 5(-(152// 5(-0$7&+ $YJ�(QUROO�

7LPH 
$YJ�0DWFK�

7LPH 
6DJ� 3.64% 3.64% 0.00% 0.00% 5.70 sec 2.13 sec 
6DJ� 4.01% 4.01% 0.00% 0.00% 1.94 sec 1.94 sec 
&VSQ 5.36% 5.33% 0.57% 1.24% 0.35 sec 0.36 sec 
&HWS 8.29% 8.29% 0.00% 0.00% 1.49 sec 1.66 sec 
&ZDL 11.94% 5.90% 12.86% 8.00% 0.46 sec 0.57 sec 
.UGO 12.20% 8.03% 6.86% 5.12% 1.48 sec 1.60 sec 
8LQK 16.32% 10.14% 10.29% 7.64% 1.28 sec 1.36 sec 
8WZH 17.73% 17.73% 0.00% 0.00% 10.44 sec 2.31 sec 
'LWL 22.63% 22.63% 0.00% 0.00% 2.59 sec 2.67 sec 
)SLQ 23.18% 23.18% 0.00% 0.00% 2.13 sec 2.19 sec 
1FPL 47.43% 47.44% 0.00% 0.01% 2.25 sec 2.75 sec 

Table V. Algorithm performance over DB3 sorted by EER. 

 
 



 19

 

1

10 -̂1

10 -̂2

10 -̂3

F N M R

10 -̂110 -̂210̂ -310 -̂410 -̂5 F M R

Sag1
Sag2
Cspn
Cetp
Cwai
Krdl
Utwe
Fpin
Uinh
Diti
Ncmi

 

Figure 14. ROC curves on DB4. 

 

$OJRULWKP ((5 ((5
 5(-(152// 5(-0$7&+ $YJ�(QUROO�

7LPH 
$YJ�0DWFK�

7LPH 
6DJ� 1.99% 1.99% 0.00% 0.00% 1.90 sec 0.77 sec 
6DJ� 3.11% 3.11% 0.00% 0.00% 0.69 sec 0.69 sec 
&VSQ 5.04% 5.04% 0.00% 0.00% 0.11 sec 0.11 sec 
&ZDL 6.30% 6.30% 0.00% 0.00% 0.16 sec 0.20 sec 
&HWS 7.29% 7.29% 0.00% 0.00% 0.65 sec 0.72 sec 
.UGO 12.08% 7.46% 10.86% 10.24% 0.70 sec 0.79 sec 
)SLQ 16.00% 16.00% 0.00% 0.00% 0.77 sec 0.80 sec 
'LWL 23.80% 23.80% 0.00% 0.00% 0.52 sec 0.60 sec 
8WZH 24.59% 24.59% 0.00% 0.00% 10.42 sec 4.17 sec 
8LQK 24.77% 23.74% 2.14% 4.28% 0.42 sec 0.45 sec 
1FPL 48.67% 48.77% 0.00% 0.25% 1.08 sec 1.19 sec 

Table VI. Algorithm performance over DB4 sorted by EER. 
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$OJRULWKP $YJ�

((5 
$YJ�

((5
 
$YJ�

5(-(152// 
$YJ�

5(-0$7&+ 
$YJ�(QUROO�

7LPH 
$YJ�0DWFK�

7LPH 
6DJ� 1.73% 1.73% 0.00% 0.00% 3.18 sec 1.22 sec 
6DJ� 2.28% 2.28% 0.00% 0.00% 1.11 sec 1.11 sec 
&VSQ 5.19% 5.18% 0.14% 0.31% 0.20 sec 0.20 sec 
&HWS 6.32% 6.29% 0.00% 0.02% 0.95 sec 1.06 sec 
&ZDL 7.08% 4.66% 4.46% 3.14% 0.27 sec 0.35 sec 
.UGO 10.94% 7.59% 6.86% 6.52% 1.08 sec 1.58 sec 
8WZH 15.24% 15.24% 0.00% 0.00% 10.42 sec 2.67 sec 
)SLQ 15.94% 15.94% 0.00% 0.00% 1.22 sec 1.27 sec 
8LQK 19.33% 17.31% 3.75% 5.23% 0.71 sec 0.76 sec 
'LWL 20.97% 20.97% 0.00% 0.00% 1.24 sec 1.32 sec 
1FPL 47.84% 47.88% 0.00% 0.09% 1.44 sec 1.71 sec 

Table VII. Average performance over the four databases sorted by Avg EER. 

6. CONCLUSIONS 

Most of the algorithms submitted to the competition performed well, if we keep into account the 

difficulty of adapting existent techniques to new kind of images. In particular, algorithms 6DJ� and 

6DJ� proved to be very accurate and &VSQ exhibited a good tradeoff between accuracy and 

efficiency. 

Databases DB1 and DB2 proved to be “easier” than DB3, even though the sensor used for DB3 

is of higher quality. This means that the acquisition conditions and the volunteer population can 

have a stronger impact on the performance than sensor quality. 

The synthetically generated database (DB4) was demonstrated to be adequate to FVC2000 

purposes: in particular, from Tables III, IV, V and VI, it is evident that the algorithm ranking on 

DB4 is quite similar to the other databases. That is, if an algorithm performs well on real 

fingerprints, then it also performs well on synthetic fingerprints and vice-versa. The visual analysis 

of impostor and genuine distributions (Appendix A) definitely support this claim, since no 

significant differences are seen between the DB4 graphics and the others. 

Once again we would like to remark that the obtained results do not necessarily reflect the 

performance that the participating algorithms would achieve in a real environment or when 

embedded into a complete biometric system. In any event, we believe that FVC2000 results: 

- give a useful overview of the state-of-the-art in this field 

- allow researchers and companies to test their algorithms over common databases 

- provide guidance to the participants for improving their algorithms 

In the future, we intend to continue supporting this initiative as follows: 
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- A web site will be setup containing FVC2000 results and technical reports 

- Companies and academic research groups will be allowed to test new algorithms or improved 

version of existing algorithms on the FVC2000 benchmark database and to add their results to 

the FVC2000 web site. The new “entries” will be kept isolated from the original participants 

since hereinafter the full databases are known in advance, which could allow algorithm tuning to 

give unfair advantage to newer entrants. 

- New databases for a new benchmarking test will be eventually collected. 

- The feasibility of generating synthetic databases for future technology evaluations will be further 

investigated. 
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APPENDIX A 

$OJRULWKP�&HWS�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.81 seconds 
Average match time: 0.89 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 
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$OJRULWKP�&HWS�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.85 seconds 
Average match time: 0.98 seconds 
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$OJRULWKP�&HWS�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.49 seconds 
Average match time: 1.66 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 
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$OJRULWKP�&HWS�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.65 seconds 
Average match time: 0.72 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 
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$OJRULWKP�&VSQ�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.17 seconds 
Average match time: 0.17 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 
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$OJRULWKP�&VSQ�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.17 seconds 
Average match time: 0.17 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 
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$OJRULWKP�&VSQ�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.35 seconds 
Average match time: 0.36 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.57% (F:0 T:0 C:4) 2777 4945 0.07% (F:0 T:0 C:2) 1.90% (F:0 T:0 C:94) 
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$OJRULWKP�&VSQ�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.11 seconds 
Average match time: 0.11 seconds 
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$OJRULWKP�&ZDL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.22 seconds 
Average match time: 0.32 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
3.71% (F:26 T:0 C:0) 2717 4944 3.97% (F:108 T:0 C:0) 3.86% (F:191 T:0 C:0) 
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$OJRULWKP�&ZDL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.23 seconds 
Average match time: 0.30 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
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$OJRULWKP�&ZDL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.46 seconds 
Average match time: 0.57 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
12.86% (F:90 T:0 C:0) 2475 4252 8.16% (F:202 T:0 C:0) 7.90% (F:336 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

11.94% (10.87%-13.01%) 5.90% (5.03%-6.78%) 23.43% 100.00% 
 
 

0

max

0 1threshold

Impostors Genuines

 
0%

10%

20%

30%

40%

50%

60%

0 1threshold

F M R F N M R

 

1

10 -̂1

10 -̂2

10 -̂3

F N M R

10̂ -110̂ -210̂ -310̂ -410̂ -5 F M R   
 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�&ZDL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.16 seconds 
Average match time: 0.20 seconds 
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((5 ((5
 =HUR)05 =HUR)105 

6.30% (5.74%-6.86%) 6.30% (5.74%-6.86%) 42.18% 78.34% 
 
 

0

max

0 1threshold

Impostors Genuines

 
0%

10%

20%

30%

40%

50%

60%

0 1threshold

F M R F N M R

 

1

10 -̂1

10 -̂2

10 -̂3

F N M R

10̂ -110̂ -210̂ -310̂ -410̂ -5 F M R   
 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
 



 28

$OJRULWKP�'LWL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.65 seconds 
Average match time: 0.72 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 
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$OJRULWKP�'LWL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.21 seconds 
Average match time: 1.28 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
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$OJRULWKP�'LWL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 2.59 seconds 
Average match time: 2.67 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

22.63% (22.61%-22.65%) 22.63% (22.61%-22.65%) 65.54% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�'LWL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.52 seconds 
Average match time: 0.60 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

23.80% (23.74%-23.86%) 23.80% (23.74%-23.86%) 75.36% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�)SLQ�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.83 seconds 
Average match time: 0.87 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

13.46% 13.46% 96.07% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�)SLQ�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.16 seconds 
Average match time: 1.24 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

11.14% (11.13%-11.14%) 11.14% (11.13%-11.14%) 95.61% 99.45% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�)SLQ�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 2.13 seconds 
Average match time: 2.19 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

23.18% 23.18% 98.61% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�)SLQ�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.77 seconds 
Average match time: 0.80 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

16.00% 16.00% 97.89% 80.02% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�.UGO�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.00 seconds 
Average match time: 1.06 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
6.43% (F:43 T:2 C:0) 2644 4841 4.43% (F:113 T:4 C:0) 7.77% (F:376 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

10.66% 7.35% (7.35%-7.36%) 24.51% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�.UGO�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.16 seconds 
Average match time: 2.88 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
3.29% (F:22 T:1 C:0) 2702 4942 1.85% (F:46 T:4 C:0) 5.81% (F:286 T:1 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

8.83% (8.82%-8.85%) 7.53% (7.52%-7.54%) 22.13% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�.UGO�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.48 seconds 
Average match time: 1.60 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
6.86% (F:48 T:0 C:0) 2637 4691 5.65% (F:149 T:0 C:0) 4.82% (F:226 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

12.20% (12.19%-12.21%) 8.03% (7.97%-8.08%) 22.83% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�.UGO�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.70 seconds 
Average match time: 0.79 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
10.86% (F:76 T:0 C:0) 2488 4477 6.11% (F:152 T:0 C:0) 12.53% (F:561 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

12.08% (12.06%-12.10%) 7.46% (7.43%-7.49%) 40.19% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�1FPL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.13 seconds 
Average match time: 1.34 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.18% (F:9 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

49.11% (48.82%-49.39%) 49.15% (48.82%-49.48%) 100.00% 99.82% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�1FPL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.28 seconds 
Average match time: 1.57 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

46.15% (45.82%-46.48%) 46.15% (45.82%-46.48%) 100.00% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�1FPL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 2.25 seconds 
Average match time: 2.75 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.02% (F:1 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

47.43% (45.76%-49.11%) 47.44% (45.77%-49.11%) 100.00% 99.98% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�1FPL�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.08 seconds 
Average match time: 1.19 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.18% (F:5 T:0 C:0) 0.28% (F:14 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

48.67% (48.67%-48.68%) 48.77% (48.73%-48.80%) 99.96% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�6DJ��RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 2.48 seconds 
Average match time: 0.96 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

0.67% (0.67%-0.68%) 0.67% (0.67%-0.68%) 2.11% 53.13% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�6DJ��RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 2.63 seconds 
Average match time: 1.03 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 
0.61% 0.61% 1.36% 50.69% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�6DJ��RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 5.70 seconds 
Average match time: 2.13 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 
3.64% 3.64% 6.82% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�6DJ��RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.90 seconds 
Average match time: 0.77 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

1.99% (1.98%-2.00%) 1.99% (1.98%-2.00%) 6.71% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�6DJ��RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.88 seconds 
Average match time: 0.88 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

1.17% (1.15%-1.18%) 1.17% (1.15%-1.18%) 3.07% 74.57% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�6DJ��RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.93 seconds 
Average match time: 0.93 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 
0.82% 0.82% 2.14% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�6DJ��RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.94 seconds 
Average match time: 1.94 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

4.01% (3.98%-4.04%) 4.01% (3.98%-4.04%) 9.50% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�6DJ��RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.69 seconds 
Average match time: 0.69 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 
3.11% 3.11% 10.57% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�8LQK�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.53 seconds 
Average match time: 0.56 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
1.71% (F:12 T:0 C:0) 2745 4911 1.71% (F:47 T:0 C:0) 6.96% (F:342 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

21.02% (20.91%-21.14%) 20.65% (20.64%-20.66%) 82.00% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�8LQK�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.60 seconds 
Average match time: 0.65 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.86% (F:6 T:0 C:0) 2768 4922 1.45% (F:40 T:0 C:0) 5.57% (F:274 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

15.22% (15.21%-15.24%) 14.70% 56.11% 100.00% 
 
 

0

max

0 1threshold

Impostors Genuines

 
0%

10%

20%

30%

40%

50%

60%

0 1threshold

F M R F N M R

 

1

10 -̂1

10 -̂2

10 -̂3

F N M R

10̂ -110̂ -210̂ -310̂ -410̂ -5 F M R   
 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�8LQK�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 1.28 seconds 
Average match time: 1.36 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
10.29% (F:72 T:0 C:0) 2551 4581 9.21% (F:235 T:0 C:0) 6.77% (F:310 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

16.32% (16.13%-16.50%) 10.14% 41.24% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�8LQK�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 0.42 seconds 
Average match time: 0.45 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
2.14% (F:15 T:0 C:0) 2738 4839 2.81% (F:77 T:0 C:0) 5.10% (F:247 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

24.77% (24.74%-24.80%) 23.74% (23.71%-23.76%) 97.22% 100.00% 
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$OJRULWKP�8WZH�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 10.40 seconds 
Average match time: 2.10 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

7.98% (4.00%-11.96%) 7.98% (4.00%-11.96%) 44.00% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�8WZH�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 10.42 seconds 
Average match time: 2.12 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

10.65% (4.16%-17.14%) 10.65% (4.16%-17.14%) 46.57% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
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$OJRULWKP�8WZH�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 10.44 seconds 
Average match time: 2.31 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

17.73% (4.06%-31.39%) 17.73% (4.06%-31.39%) 68.82% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 
$OJRULWKP�8WZH�RQ�GDWDEDVH�'%�B$ 
 
Average enroll time: 10.42 seconds 
Average match time: 4.17 seconds 
 

5(-(152// 1*5$ 1,5$ 5(-1*5$ 5(-1,5$ 
0.00% (F:0 T:0 C:0) 2800 4950 0.00% (F:0 T:0 C:0) 0.00% (F:0 T:0 C:0) 

 
((5 ((5
 =HUR)05 =HUR)105 

24.59% (4.79%-44.39%) 24.59% (4.79%-44.39%) 94.29% 100.00% 
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 Score distributions FMR(t) and FNMR(t) ROC curve 
 
 


