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1 Introduction

Among the three basic approaches to user authentication (knowledge factors, possession

factors, biometrics), only biometric systems can guarantee the identity of the user: the

other two factors can simply confirm that the user knows a given information or that the

user owns a given device or token. On the other hand, the properties that make biometric

traits so interesting for automated user authentication (uniqueness and permanence), also

raise potential privacy problems: for instance, a biometric sample may be used to link

activities of the same user across different applications, or some biometric features may

allow medical or other sensitive data to be revealed [RU11]. Moreover, a biometric trait,

if compromised cannot be revoked and renewed: this is in contrast with passwords and

tokens that can be easily reissued. For these reasons it is very important to protect

biometric templates, making them unusable without authorization, but without losing the

capability to verify the user’s identity [Si12]. It is desirable that a Biometric Template

Protection (BTP) method satisfies the following requirements [Br09]: accuracy,

irreversibility, diversity and unlinkability.

Since fingerprints are the most largely used biometric trait, developing effective

fingerprint BTP methods is a crucial challenge and the research is very active on this

topic [RU11].

This paper introduces a novel fingerprint template protection scheme, evaluates its

accuracy and security according to well-defined criteria [Si12], and tests its robustness

against various types of attack. The proposed scheme is based on a combination of a user

secret key and a non-invertible minutiae representation (P-MCC [FMC12]): these two

factors allow the BTP requirements to be met. In particular, as confirmed by the

extensive experimentation performed on six public databases, the new method markedly

outperforms most of the state-of-the-art techniques and is robust against different attack

Abstract: Minutia Cylinder-Code (MCC) is an effective representation 

for robust and fast fingerprint matching. To avoid that MCC templates 

can disclose sensitive information about position and angle of minutiae, a 

protected MCC representation was recently introduced (called P-MCC).

Inspite of a satisfactory level of accuracy and irreversibility,  P-MCC templates 
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scenarìos. �ãease refer to [¦u©ÖÓ] for an e¯tended report contaìnìng àore detaìãs aboýt

ìÇ tïe state»of»tïe»art of fìngerprìnt teàpãate protectìon scïeàes (ìn partìcýãar focýsìng

on t÷o»factor approacïesÇ, ììÇ �»u©© representatìon and ìììÇ e¯perìàent eúaãýatìon.

Tïe rest of tïìs paper ìs organì©ed as foãão÷s. �ectìon Õ descrìbes tïe noúeã t÷o»factor

protectìon scïeàe. �ectìon Ô reports e¯perìàents on pýbãìc databases to eúaãýate

accýrac¬ and secýrìt¬ of tïe ne÷ approacï, to coàpare ìt agaìnst tïe state»of»tïe»art, and

to test ìts robýstness agaìnst potentìaã attacæs. ¦ìnaãã¬, �ectìon Ó dra÷s soàe concãýdìng

reàaræs.

Õ T÷o»factor protectìon scïeàe (Õ�»u©©Ç

As dìscýssed ìn [¦u©ÖÕ], �»u©© representatìon gýarantees ìrreúersìbìãìt¬ and accýrac¬

být not dìúersìt¬ and ýnãìnæabìãìt¬ [�ìÖÕ]. In soàe preãìàìnar¬ stýdìes a randoà

proéectìon transforà [TY0Ð] ÷as coàbìned to tïe �»u©© representatìon to fýãfìãã

dìúersìt¬ and ýnãìnæabìãìt¬ reqýìreàents� aãtïoýgï sýcï soãýtìon sïo÷ed good resýãts ìn

teràs of recognìtìon accýrac¬, ìt ÷as not robýst enoýgï agaìnst toæen»stoãen attacæs. Tïe

t÷o»factor àetïod proposed ìn tïìs ÷oræ (caããed Õ�»u©©Ç ìs sìàpãe být proúed to aãão÷

a good trade»off bet÷een accýrac¬ and secýrìt¬� tïe basìc ìdea ìs to seãect a sýbset of tïe

orìgìnaã bìts and scraàbãìng tïeà accordìng to a secret æe¬, as descrìbed ìn detaìã ìn tïe

foãão÷ìng sectìons.

Õ.Ö ¦roà �»u©© to Õ�»u©©

wet  ̂ be a �»u©©± teàpãate (÷ïere  denotes tïe aàoýnt of dìàensìonaãìt¬ redýctìon,
see [¦u©ÖÕ]Ç and ãet  be a ýser»specìfìc secret æe¬. Tïen, for a gìúen    ,     
 , ãet   Y V  Y          V be a partìaã peràýtatìon [�ìÖÓ] of set          ,
randoàã¬ generated ýsìng  as seed for a cr¬ptograpïìcaãã¬ secýre pseýdorandoà
nýàber generator. Tïe fýnctìon    Y V      

        àaps a  »dìàensìonaã bìt»úector
 ̂ ìnto a  »dìàensìonaã bìnar¬ space, accordìng to tïe partìaã peràýtatìon obtaìned froà
tïe secret æe¬  �

   Y VY ̂ V  [ ̂ [  ]  ̂ [  ]    ̂ [  ]]              Y V (ÖÇ

Tïe Õ�»u©© teàpãate  ̈ ìs a set of bìt»úectors defìned as�

 ̈  { ̈   ̈     Y VY ̂ V  ̂   ̂} (ÕÇ

Õ.Õ �ìàìãarìt¬ coàpýtatìon

Tïe transforàatìon proposed to conúert �»u©© teàpãates ìnto Õ�»u©© teàpãates does

not aãter tïe sìàìãarìt¬ àetrìc bet÷een bìt úectors. As descrìbed ìn [¦u©ÖÕ] for �»u©©,

ãet  ̈ and  ̈ be tïe Õ�»u©© bìt»úectors� tïeìr sìàìãarìt¬ can be coàpýted as�

 Y ̈   ̈ V    
‖ ̈     ̈ ‖ 

 
(ÔÇ

÷ïere X�R denotes tïe Ú³¼¶³¾×1×�Ù°º¾³¸×1ÃÀ bet÷een t÷o bìt»úectors, ‖ ‖ represents
tïe Ö»norà, and  tïe ãengtï of tïe bìt»úectors. �ote tïat tïe Ö»norà of a bìt»úector can
be sìàpã¬ coàpýted as tïe popýãatìon coýnt (nýàber of bìts ÷ìtï úaãýe oneÇ. Tïe
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sìàìãarìt¬  Y ̈   ̈ V ìs aã÷a¬s ìn tïe range [0,Ö], ÷ïere ©ero àeans no sìàìãarìt¬ and one
àa¯ìàýà sìàìãarìt¬.

In order to coàpare t÷o protected teàpãates   and   , a sìngãe úaãýe denotìng tïeìr
oúeraãã sìàìãarìt¬ ïas to be obtaìned froà tïe t÷o sets of bìt»úectors. To tïìs pýrpose, tïe

êÃÙÛ° GÀ××Ø� ó³¯³°ÛÀ³¼� (wG�Ç approacï, orìgìnaãã¬ proposed ìn [©aÖ0], can be ýsed to

caãcýãate tïe gãobaã àatcï score as descrìbed ìn [¦u©ÖÕ]. �ote tïat, tïìs approacï does

not assýàe an¬ a prìorì orderìng of tïe bìt»úectors� tïìs aãão÷s to randoàã¬ sïýffãe tïeà

ìnsìde eacï Õ�»u©© teàpãate, to ìncrease tïe robýstness agaìnst úarìoýs t¬pes of attacæs

(e.g., correãatìon attacæs [KY0�]Ç.

Ô §¯perìàentatìon

Tïìs sectìon descrìbes seúeraã e¯perìàents carrìed oýt to eúaãýate tïe proposed àetïod

and to coàpare ìt ÷ìtï tïe state»of»tïe»art.

Ô.Ö uìnýtìae e¯tractìon and creatìon of Õ�»u©© descrìptors

A state»of»tïe»art àìnýtìae e¯tractìon aãgorìtïà (aãread¬ ýsed ìn [¦u©ÖÕ]Ç ïas been

eàpão¬ed to e¯tract àìnýtìae teàpãates froà aãã fìngerprìnts ìn aãã data sets.

Õ�»u©© descrìptors ïaúe been derìúed froà tïe àìnýtìae teàpãates as descrìbed ìn

�ectìon Õ. To stýd¬ tïe trade»off bet÷een accýrac¬ and secýrìt¬, foýr dìfferent

coàbìnatìons of paraàeters Y   V ïaúe been ýsed� Y     V, Y     V, Y     V and
Y     V.

Ô.Õ Verìfìcatìon accýrac¬

¦or a fýãã coàparìson ÷ìtï tïe state»of»tïe»art, tïe eúaãýatìon of bìoàetrìc úerìfìcatìon

accýrac¬ ïas been carrìed oýt on ¦V©Õ00Õ [ua0Õ], ¦V©Õ00Ó [ua0Ó], and ¦V©Õ00Ñ

[©a0Ð] datasets (see Tabãe I ìn [¦u©ÖÓ]Ç ýsìng tïe FðC ÂÀÃ¼ÃÙÃ° [¦u©ÖÓ]. Tïe

foãão÷ìng perforàance ìndìcators are consìdered� Eqýaã»Error»Rate (EERÇ, ão÷est

FNMR for FMR≤0.1% (FMRÖ000Ç, and ão÷est ¦�uR for ¦uR�0% (Z¦uRÇ. To aúoìd

ýnfaìr coàparìson ÷ìtï sìngãe»factor tecïnìqýes, tïe accýrac¬ ìn tïe ¼Ã±×Ä1¾¼Ã°×Ä

¾Ù×ÄÛÀ³Ã [YaÖ0] ìs aãso reported. To sìàýãate tïìs scenarìo, aãã tïe protected teàpãates

are generated ýsìng tïe saàe secret æe¬  .
Tabães I coàpares tïe accýrac¬ of tïe proposed protectìon scïeàe agaìnst otïer t÷o»

factor approacïes. It ìs ÷ortï notìng tïat�

 Õ�»u©©ÑÓ,ÑÓ ìs àore accýrate tïan àost of tïe e¯ìstìng approacïes, e¯cept for

[u¨ÖÔ]�

 as e¯pected, decreasìng  andØor  redýces tïe accýrac¬.
Tabães II coàpares tïe accýrac¬ of tïe proposed protectìon scïeàe agaìnst otïer t÷o»

factor approacïes, ýnder toæen»stoãen scenarìo. �nã¬ t÷o»factor approacïes for ÷ïìcï

aýtïors proúìde resýãts ýnder tïe toæen»stoãen scenarìo are ïere consìdered. It ìs ÷ortï

notìng tïat�

 Õ�»u©©ÑÓ,ÑÓ oúercoàes aãã e¯ìstìng approacïes, být one case (EER on ¦V©Õ00Õ

¨ªÖ ìn Tabãe IIÇ�

 Õ�»u©©ÑÓ,Ó� and Õ�»u©©ÔÕ,ÔÕ are often àore accýrate tïan e¯ìstìng approacïes�

 Õ�»u©©ÔÕ,ÕÓ ìn soàe cases oýtperforàs otïer approacïes.
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TAªwE I

VERI¦I©ATI�� A©©�RA©Y (�ER©E�TAGEVAw�E�Ç.

¦V©Õ00Õ ¦V©Õ00Ó ¦V©Õ00Ñ

¨ªÖ ¨ªÕ ¨ªÔ ¨ªÓ ¨ªÖ ¨ªÕ
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0
0
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¦
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R
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E
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u
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0
0
0
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¦
u
R
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E
R
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R
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0
0
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Z
¦
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E
E
R

¦
u
R
Ö
0
0
0

Z
¦
u
R

E
E
R

¦
u
R
Ö
0
0
0

Z
¦
u
R

E
E
R

¦
u
R
Ö
0
0
0

Z
¦
u
R

Õ�»u©©ÑÓ,ÑÓ Õ.0 Ô.Ö Ó.Ô Ö.Ö Ö.Ô Ö.Ó Ó.Ó �.Ó ÖÖ.� Ô.Ö Ò.0 Ñ.Ñ Ô.0 Ñ.� �.Ö 0.Ö 0.Ö 0.Õ

Õ�»u©©ÑÓ,Ó� Õ.� Ñ.Ó Ð.Õ Ö.Ð Õ.Ð Ó.Õ Ñ.Ð ÖÓ.Ó ÖÑ.Ñ Ó.Õ Ð.Ó ÖÖ.Õ Ó.� ÖÔ.Ö ÕÓ.Ñ 0.Õ 0.Ô 0.Ó

Õ�»u©©ÔÕ,ÔÕ Ó.Ò Ð.Ó Ö0.� Õ.Ð Ó.Ð Ñ.� Ð.� Ö�.Ó Õ0.0 Ò.Ö ÖÔ.Ñ ÖÒ.Õ Ñ.Ö ÖÑ.Ò Ö�.Ð 0.Ô 0.Ñ 0.�

Õ�»u©©ÔÕ,ÕÓ Ñ.� ÖÓ.0 ÖÓ.� Ó.Ó ÖÖ.Ö ÖÔ.Õ ÖÖ.Õ Õ�.0 Ô0.� Ð.� ÕÖ.Ñ ÕÑ.Ô �.� Ô0.� Ó0.Ö 0.� Õ.Ò Ó.�

[ª��0Ð] Õ.Ö » » Ö.Õ » » » » » » » » �.Ñ » » » » »

[u¨ÖÔ] 0.Ð » » 0.Ó » » Ô.� » » Ö.Ó » » Ö.� » » » » »

TAªwE II
VERI¦I©ATI�� A©©�RA©Y I� T�E T�KE�»�T�wE� �©E�ARI� (�ER©E�TAGEVAw�E�Ç.

¦V©Õ00Õ ¦V©Õ00Ó ¦V©Õ00Ñ

¨ªÖ ¨ªÕ ¨ªÔ ¨ªÓ ¨ªÖ ¨ªÕ
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0
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u
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Õ�»u©©ÑÓ,ÑÓ Ô.Ô Ñ.Ò �.Ö Ö.� Ô.Ò Ò.Ò Ð.� Ö�.Õ Õ0.Ð Ñ.Ñ Ö�.Ò ÕÖ.Õ Ñ.Ô Ö�.Ô ÕÕ.Õ 0.Ô 0.Ò Ö.Ö

Õ�»u©©ÑÓ,Ó� Ó.Ñ �.Ñ �.Ö Õ.Ò Ò.Ñ Ñ.Ö �.� ÕÖ.� ÕÐ.Ó Ð.� Ö�.Ô Õ�.Ô �.Ó ÕÕ.Ö ÕÔ.Ñ 0.Ñ Ö.Õ Õ.Õ

Õ�»u©©ÔÕ,ÔÕ Ñ.Ñ ÖÓ.� Ö�.Ò Ó.Ô ÖÖ.Ò ÖÑ.Ó ÖÕ.Õ Õ�.Ñ ÔÓ.Ò ÖÖ.Õ ÔÔ.Ò ÔÐ.Ö �.Ò Õ�.Ó ÔÖ.0 Ö.0 Õ.Ô Ô.Ò

Õ�»u©©ÔÕ,ÕÓ �.Ñ ÕÔ.� Õ�.� Ñ.� ÖÑ.� Ö�.� ÖÒ.Ð ÔÐ.Ô Ò0.Ö ÖÕ.Ò Ô�.� ÓÒ.Ô ÖÖ.Ò Ô�.Ö Ó�.� Ö.� Ó.� �.Ô

[Tý0Ð] Ô.0 » » » » » » » » » » » » » » » » »

[Aï0�] Ð.Õ » » Ô.Ñ » » ÖÖ.� » » ÖÖ.Ò » » » » » » » »

[KTGÖ0] » » » Ò.0 » » » » » » » » » » » » » »

[wìÖ0] » ÕÔ.Ð ÔÖ.Õ » ÖÒ.Ð ÕÐ.Ð » » » » » » » » » » » »

Ô.Ô �ecýrìt¬ anaã¬sìs

In tïe foãão÷ìng paragrapïs, specìfìc e¯perìàents are reported to eúaãýate ïo÷ Õ�»u©©

ìàproúes �»u©© ìrreúersìbìãìt¬ and proúìdes ýnãìnæabìãìt¬, ÷ïìcï are tïe t÷o

fýndaàentaã secýrìt¬ reqýìreàents for an¬ ªT� àetïod [�ìÖÕ] [ªr0�].

íÀÀ×¸×À¾³Ú³°³¼�

To àeet tïe ìrreúersìbìãìt¬ reqýìreàent, tïe protected teàpãate sïoýãd not aãão÷ tïe

orìgìnaã àìnýtìae teàpãate to be retrìeúed. Tïe ìrreúersìbìãìt¬ of Õ�»u©© descrìptors ìs

based on tïree eãeàents� ìÇ tïe ìrreúersìbìãìt¬ of tïe �»u©© representatìon, aãread¬

÷ìdeã¬ dìscýssed ìn [¦u©ÖÕ], ììÇ tïe secrec¬ of tïe ýser»specìfìc æe¬, and ìììÇ tïe

ìnforàatìon ãoss dýe to tïe redýctìon of tïe bìt»úector ãengtï ÷ïen    .
If a Õ�»u©© teàpãate ìs stoãen b¬ an attacæer, and tïe attacæer does not æno÷ tïe ýser»

specìfìc æe¬  , reúersìng tïe protect teàpãate ìs practìcaãã¬ ýnfeasìbãe, sìnce tïe attacæer
ïas no cãýe aboýt tïe partìaã peràýtatìon   Y V ýsed to create ìt. In fact, tïe nýàber of  »
peràýtatìons of  obéects ìs eqýaã to   

Y   V 
[�ìÖÓ], ÷ïìcï corresponds to          

   possìbìãìtìes for Õ�»u©©ÔÕ,ÕÓ, and to              possìbìãìtìes for Õ�»u©©ÑÓ,ÑÓ.
If tïe ýser»specìfìc secret æe¬  ïas been stoãen as ÷eãã, tïe partìaã peràýtatìon   Y V,
ýsed to create tïe stoãen teàpãate  ̈, can be derìúed. Tïen, ýsìng   Y V, ìt ìs possìbãe to
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recoúer a �»u©© teàpãate  ̃ froà  ̈. �ote tïat ìf    , tïen  ̃   ̂, ÷ïere  ̂ ìs tïe
orìgìnaã teàpãate froà ÷ïìcï tïe Õ�»u©© teàpãate ÷as generated. �tïer÷ìse, ÷ïen

   , tïe bìt»úectors  ̃   ̃ can be onã¬ partìaãã¬ recoúered (ì.e.,    bìts ìn  ̃ are
         sìnce tïeìr correspondìng úaãýes ÷ere not stored ìn  ̈ dýrìng tïe protectìon
stepÇ.

In concãýsìon, tïe foãão÷ìng obserúatìons can be dra÷n�

 In tïe ÷orst scenarìo, ÷ïen botï protected teàpãate and secret æe¬ ïaúe been stoãen

and    , tïe ìrreúersìbìãìt¬ ãeúeã ìs tïe saàe of �»u©©� ïence ìt ìs stìãã qýìte ïard
to retrìeúe soàe ìnforàatìon aboýt tïe orìgìnaã àìnýtìae. As an e¯aàpãe, for     ,
a sopïìstìcated attacæ strateg¬ ìs abãe to reconstrýct ÕÑ.Ò% of tïe orìgìnaã àìnýtìae,

být on tïe otïer ïand, ìt ìs ýnabãe to reconstrýct ÐÔ.Ò% of tïe àìnýtìae and creates

Ñ�.Ò% faãse àìnýtìae [¦u©ÖÕ].

 If tïe attacæer stoãe tïe protected teàpãate být does not æno÷ tïe æe¬, tïe

ìrreúersìbìãìt¬ ãeúeã ìs àýcï ïìgïer, sìnce tïe attacæer ÷oýãd ïaúe to fìnd tïe rìgït

partìaã peràýtatìon before tr¬ìng to reconstrýct tïe àìnýtìae teàpãate froà tïe �»

u©© representatìon as dìscýssed aboúe. ¦or ìnstance, for Õ�»u©©ÑÓ,ÑÓ tïere are     

possìbãe peràýtatìons, ÷ïìcï àaæes a brýte»force attacæ ýnfeasìbãe.

 ¦ìnaãã¬, ÷ïen    , Õ�»u©© offers a fýrtïer protectìon sìnce a portìon of tïe �»
u©© ìnforàatìon ìs not stored ìn tïe teàpãate.

ñÄ°³Ä±ÛÚ³°³¼�

To àeet tïe ýnãìnæabìãìt¬ reqýìreàent, protected teàpãates generated froà tïe saàe

bìoàetrìc traìt ýsìng dìfferent secret æe¬s sïoýãd be as dìfferent as protected teàpãates

generated froà dìfferent bìoàetrìc traìts. To cïecæ tïìs reqýìreàent, tïe foãão÷ìng score

dìstrìbýtìons are anaã¬©ed�

 óÛ¯× óÛ¯Â°×� àatcï scores aàong teàpãates generated froà tïe saàe fìngerprìnt

saàpãe ýsìng dìfferent æe¬s�

 óÛ¯× F³ÄÕ×À� àatcï scores aàong teàpãates generated froà dìfferent ìàpressìons of

tïe saàe fìnger ýsìng dìfferent æe¬s�

 D³ÖÖ×À×Ä¼ F³ÄÕ×À� àatcï scores aàong teàpãates generated froà tïe fìrst saàpãe of

dìfferent fìngerprìnts ýsìng dìfferent æe¬s.

¦ìgýre Ö sïo÷s tïe aboúe score dìstrìbýtìons coàpýted on ¦V©Õ00Ñ ¨ªÕ dataset for

dìfferent úaãýes of  and  . It can be noted tïat tïe tïree cýrúes are aãàost oúerãapped ìn
aãã grapïs� tïìs àeans tïat tïe dìssìàìãarìt¬ bet÷een protected teàpãates generated froà

tïe saàe saàpãeØfìnger ìs coàparabãe to tïat of protected teàpãates generated froà

dìfferent fìngers.

Ô.Ó Robýstness agaìnst attacæs

Tïìs sectìon descrìbes e¯perìàents aìàed at assessìng tïe robýstness of Õ�»u©©

agaìnst t÷o dìfferent attacæs� tïe foràer based on reúoæed teàpãates, and tïe ãatter on

coàproàìsed secýrìt¬ æe¬s.

ô×¸Ã±×Ø ¼×¯Â°Û¼× Û¼¼ÛÙ±

As dìscýssed ìn tïe preúìoýs sectìons, Õ�»u©© proúìdes dìúersìt¬ and ýnãìnæabìãìt¬, tïýs

aãão÷ìng teàpãates to be reúoæed and rene÷ed. �¬steàatìc e¯perìàents ïaúe been
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perforàed to eúaãýate ìf ìt ìs possìbãe to ýse reúoæed teàpãates to attacæ a s¬steà based

on Õ�»u©©. In partìcýãar, t÷o attacæ scenarìos ïaúe been consìdered�

 T¬pe»I attacæ, ÷ïere a reúoæed teàpãate ìs ýsed to attacæ a s¬steà contaìnìng a

rene÷ed teàpãate created froà tïe saàe ìàpressìon�

 T¬pe»II attacæ, ÷ïere a reúoæed teàpãate ìs ýsed to attacæ a s¬steà contaìnìng a

rene÷ed teàpãate created froà anotïer ìàpressìon of tïe saàe fìnger.

ªotï attacæ scenarìos ïaúe been eúaãýated ýnder t÷o dìfferent secýrìt¬ ãeúeãs� àedìýà»

secýrìt¬ (àatcïìng tïresïoãd set to 0.Ö% ¦uRÇ, and ïìgï»secýrìt¬ (àatcïìng»tïresïoãd

set to 0% ¦uRÇ [¦u©ÖÕ]. Tïe attacæ sìàýãatìons ïaúe been perforàed on tïe

¦V©Õ00Ñ ¨ªÕ dataset, prodýcìng ÖÑ�0 and �ÕÓ0 t¬pe»I and t¬pe»II attacæs,

respectìúeã¬. Tabãe III reports tïe percentage of sýccessfýã attacæs ýnder botï secýrìt¬

ãeúeãs.

¦ìgýre Ö� �core dìstrìbýtìon grapïs for tïe proposed protectìon àetïod to eúaãýate ýnãìnæabìãìt¬

reqýìreàent on ¦V©Õ00Ñ ¨ªÕ dataset� (aÇ Y     V, (bÇ Y     V, (cÇ Y     V and (dÇ Y     V.

TAªwE III
�ER©E�TAGE �¦ ��©©E��¦�wATTA©K� (��I�G AREV�KE¨ Õ�»u©© TEu�wATEÇ �� ¦V©Õ00Ñ ¨ªÕ AT

uE¨I�u» A�¨�IG�»�E©�RITY wEVEw.

uetïod
uedìýà»secýrìt¬ �ìgï»secýrìt¬

T¬pe»} «ttacæ T¬pe»}} «ttacæ T¬pe»} «ttacæ T¬pe»}} «ttacæ

Õ�»u©©ÑÓ,ÑÓ 0.ÐÖ% 0.0Õ% 0.00% 0.00%

Õ�»u©©ÑÓ,Ó� 0.ÐÐ% 0.ÖÐ% 0.ÕÓ% 0.0�%

Õ�»u©©ÔÕ,ÔÕ 0.ÑÒ% 0.ÕÖ% 0.ÕÓ% 0.0�%

Õ�»u©©ÔÕ,ÕÓ 0.ÐÐ% 0.0�% 0.0Ñ% 0.0Õ%

òÃ±×Ä1¾¼Ã°×Ä Û¼¼ÛÙ±

Tïe accýrac¬ of àan¬ t÷o»factor àetïods strongã¬ depends on tïe secrec¬ of tïe ýser»

specìfìc æe¬s. In tïese cases, tïe æno÷ãedge of a æe¬ aãão÷s to easìã¬ fìnd coããìsìons (ì.e.,

prodýce faãse àatcïesÇ eúen ìf tïe attacæer does not possess tïe bìoàetrìc saàpãe. ¦or

Ü��e Ü��p}e

Ü��e «³�Öer

Ä³ffere�t «³�Öer

Ü��e Ü��p}e

Ü��e «³�Öer

Ä³ffere�t «³�Öer

Ü��e Ü��p}e

Ü��e «³�Öer

Ä³ffere�t «³�Öer

Ü��e Ü��p}e

Ü��e «³�Öer

Ä³ffere�t «³�Öer

(aÇ (bÇ

(cÇ (dÇ
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tïìs reason, as aãread¬ dìscýssed ìn �ectìon Ô.Õ, tïe robýstness of a t÷o»factor s¬steà

àýst be aãso reported ìn tïe toæen»stoãen scenarìo.

Tïìs sectìon reports tïe resýãts of e¯perìàents aìàed at eúaãýatìng tïe robýstness of Õ�»

u©© agaìnst toæen»stoãen attacæs� ìn partìcýãar, ìt ìs assýàed tïat tïe attacæer æno÷s tïe

secret æe¬ of eacï ýser and tïe percentage of sýccessfýã attacæs ìs reported for tïe saàe

t÷o secýrìt¬ ãeúeãs defìned ìn tïe preúìoýs sectìon� ìÇ àedìýà» and ììÇ ïìgï»secýrìt¬. Tïe

attacæ sìàýãatìon ïas been perforàed on tïe ¦V©Õ00Ñ ¨ªÕ dataset, prodýcìng �ÐÔ0

attacæ atteàpts. Tabãe IV reports tïe percentage of sýccessfýã attacæs� tïe robýstness of

Õ�»u©© ìs confìràed, especìaãã¬ at tïe ïìgï»secýrìt¬ ãeúeã.

TAªwE IV

�ER©E�TAGE �¦ ��©©E��¦�wATTA©K� (��¨ER T�E T�KE�»�T�wE� �©E�ARI�Ç �� ¦V©Õ00Ñ ¨ªÕ AT

uE¨I�u» A�¨�IG�»�E©�RITY wEVEw.

uetïod uedìýà»secýrìt¬ �ìgï»secýrìt¬

Õ�»u©©ÑÓ,ÑÓ Ó.ÑÕ% 0.�Ñ%

Õ�»u©©ÑÓ,Ó� Ö.ÒÔ% 0.ÒÔ%

Õ�»u©©ÔÕ,ÔÕ Õ.Ò0% Ö.ÕÔ%

Õ�»u©©ÔÕ,ÕÓ Ö.ÖÓ% 0.0�%

Ó ©oncãýsìons

In tïìs paper ÷e propose Õ�»u©©, a ne÷ t÷o»factor teàpãate protectìon approacï tïat

confers to �»u©© tïe desìrabãe propertìes of dìúersìt¬ and ýnãìnæabìãìt¬. �e eúaãýated

dìfferent paraàeterì©atìons of Õ�»u©© and s¬steàatìcaãã¬ coàpared tïeà agaìnst state»

of»tïe»art approacïes on seúeraã bencïàaræs and scenarìos. A tïoroýgï secýrìt¬

anaã¬sìs, ìn ãìne ÷ìtï recent gýìdeãìnes and recoààendatìons [�ìÖÕ] [ªr0�], ÷as aãso

carrìed oýt. Tïe e¯perìàentaã resýãts sïo÷ tïat ìn àost of tïe cases Õ�»u©© perforàs

better tïan e¯ìstìng tecïnìqýes and ìs qýìte robýst agaìnst toæen»stoãen scenarìo, ÷ïìcï ìs

æno÷n to be tïe àaìn pìtfaãã of t÷o»factors scïeàes.

Týrnìng a �»u©© teàpãate ìnto a Õ�»u©© one ìs straìgïtfor÷ard and coàpýtatìonaãã¬

ãìgït� ÷ïìãe ìn tïìs paper ÷e proposed a sìàpãe peràýtatìon»based àetïod, ìn prìncìpãe

otïer àore sopïìstìcate ïaààìng»dìstance preserúìng transforàs coýãd be ýsed� tïìs ìs

÷ïat ÷e ìntend to ìnúestìgate ìn oýr fýtýre researcï.
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Tïe ÷oræ ãeadìng to tïese resýãts ïas receìúed fýndìng froà tïe Eýropean ©oààýnìt¬ûs
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