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• Multibiometrics*: use of multiple sensors, instances, realizations, 

algorithms and/or modalities for biometric person authentication

• Why?

– Some subjects may experiment difficulties with a specific modality

– Some modalities better adapted than others to specific applications

– Exploit fusion capabilities

– Overcome noisy conditions

– Robutness to attacks

* Arun Ross et al., Handbook of Multibiometrics, 2006

INTRODUCTION
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SYSTEM MODEL AND PREVIOUS WORKS

MOTIVATION

• Performance drop of single biometrics under degraded Q                 

(FVC campaigns [Cappelli et al., 2006]), which may affect the modules 

of a multibiometric system in a different way [Jain and Ross, 2004]

 Incorporating biometric Q in multibiometrics 

[Bigun et al., 1997; Chatzis et al., 1999]

• Strong user-dependencies in the score distributions of some biometric 

traits, such as voice (NIST SRE campaigns [Doddington et al., 1998]),   

or signature (SVC evaluation [Yeung et al., 2004]).

 User-dependent fusion in multibiometrics

[Jain and Ross, 2002; Toh et al., 2004]
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THESIS AND PAST CONTRIBUTIONS (I)

* J. Fierrez-Aguilar et al., Adapted Fusion Schemes for Multibiometrics, PhD Thesis, July 2006

(in part during a research stay with J. Kittler)

** J. Fierrez-Aguilar et al., Pattern Recognition, August 2005

Past contribution**: user-dependent fusion adapted from user-independent information

The adaptation of the fusion functions at the score level in multimodal 

biometric authentication can report significant verification performance 

improvements. Examples of input information for this adaptation include a 

reduced number of scores from individual users and signal quality measures 

of the input biometrics. This statement also applies to other problems in 

multibiometrics such as multi-algorithm fusion.*

The adaptation of the fusion functions at the score level in multimodal 

biometric authentication can report significant verification performance 

improvements. Examples of input information for this adaptation include a 

reduced number of scores from individual users and signal quality measures 

of the input biometrics. This statement also applies to other problems in 

multibiometrics such as multi-algorithm fusion.

THESIS AND PAST CONTRIBUTIONS (II)

Past contribution*: quality-based fusion  High impact (2 keynotes, NIST BQW, 

handbook, ICB-06 best paper, 

research stays with J. Bigun

and A. Jain, >10 citations...)

* J. Fierrez-Aguilar et al., Pattern Recognition, May 2005
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THESIS AND NEW CONTRIBUTION FOR EBF AWARD

The adaptation of the fusion functions at the score level in multimodal 

biometric authentication can report significant verification performance 

improvements. Examples of input information for this adaptation include a 

reduced number of scores from individual users and signal quality measures 

of the input biometrics. This statement also applies to other problems in 

multibiometrics such as multi-algorithm fusion.

New contribution: user-dependent AND quality-based fusion

 Bayesian adaptation for 

UD fusion + Q-based weighted average

Multilevel score:                  Fused score:

Fusion training set:

Global training set:

Local training set:

ML

ML MAP 
adaptation

BAYESIAN ADAPTATION OF THE FUSION FUNCTIONS
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FINGERPRINT SYSTEM*

• Normalization

• Orientation field

• ROI

• Ridge extraction 

& profiling

• Minutiae 

alignment

• Pattern 

matching 

(edit 

distance)

*D. Simon-Zorita, J. Ortega-

Garcia, J. Fierrez-Aguilar, J. 

Gonzalez-Rodriguez, ”Image 

quality and position variability 

assessment  in minutiae-based 

fingerprint verification”, IEE 

Proc. VISP, Dec 2003.

COST-275

PREPROCESSING

FEATURE EXTRACTION

SIMILARITY

• Thinning

• Imperfection 

removal

• Minutiae 

extraction

SIGNATURE SYSTEM*

FEATURE EXTRACTION: 

• 3 basic functions (100 Hz):                              

 x, y, p

• Geometric normalization:

 position, rotation

• 4 extended functions:

 path-tangent angle

 path velocity magnitude

 log curvature radius

 total acceleration magnitude

• First-order time derivative functions

MODELING AND MATCHING:

• HMM (2 states, 32 mixtures)

*J. Fierrez-Aguilar et al., AVBPA 2005

Ranked 2nd in SVC 2004, see: D.T. Yeung et al., ICBA 2004

Research stays with D. Maltoni and A. Jain
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QMCYT fingerprint subcorpus:

• 75 donors x 10 fingers x 12 impressions (optical sensor by Digital Persona) 

= 9,000 images

• All images labeled manually according to the image quality [0,9]

Q=0                     Q=3                    Q=6                   Q=9

DATABASE: MCYT (I)

QMCYT signature subcorpus:

• 75 donors x ( 25 signatures + 25 forgeries ) , Wacom pen tablet

• Shape-based imitations with natural dynamics

DATABASE: MCYT* (II)

* Distributed to > 40 groups, > 20 citations, seed for BioSec (IP) and Biosecure (NoE) MM DBs
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RESULTS
Bootstrap error estimates based on a worst-case scenario:

Q

0.70%  0.61% EER

Observations:

• Performance is significantly improved when combining local and 

global information for training the fusion functions

• User-dependent fusion can be further improved by incorporating 

biometric quality, relying more on the signature evidence only for 

very low image quality fingerprints

CONCLUSION

• New user-dependent and quality-based fusion scheme:

User adaptation is achieved by combining a reduced set of user-

dependent training scores and the general knowledge provided by 

a pool of users

Quality adaptation is achieved by a weighted average

• Experimental results combining signature and fingerprint modalities:

Worst-case scenario by considering signature forgeries and the best 

matching impostor fingerprints from a large pool

Error estimates based on random sampling

• Results show that user-dependent fusion can be further improved by 

incorporating image quality


