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History 
-  In 1823, Purkinji proposed the first fingerprint classification, which 

classified into nine categories: (transverse curve, central 
longitudinal stria, oblique stripe, oblique loop, almond whorl, spiral 
whorl, ellipse, circle, and double whorl) 
-  Sir Francis Galton introduced the minutae features for fingerprint 

matching in late 19th century 
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Classes 
-  Arch: 3.7%, tented arch: 2.9%, left loop: 33.8%, right loop: 31.7%, 

whorl: 27.9% 
-  Patteren recognition  
PROBLEM 
Small-inter class variability 
Large intra-class variability 
 
 
 
 

      presence of noise 
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Features 
-  Based on global features 
-  Ridge line flow, orientation image, singular point, Gabor filters 
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Techniques 
-  Features: 

–  O = orientation image 
–  S = singularities 
–  R = ridge flow, 
–  G = Gabor 

-  classification technique  
–  Rb = rule-based 
–  Sy = syntactic 
–  Str = structural, 
–  Sta = statistical 
–  Nn = neural network 
–  Mc = multiple classifiers 
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Techniques 
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Techniques II 
-  Syntatic: terminal symbols & 

production rules 

-  Structural approach 
-  Statistical 

–  Orientation image 
–  k-nearest neighbor 
–  30x30 array, 1800 elements 
–  PCA ( the Karhunen-Loeve) 

transform 
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Techniques III 
-  Multiple classifier-based apparoaches 
-  PCASYS: Pattern-level Classification Automation systém 
-  Open Source: http://ffpis.sourceforge.net/ 
-  Developed by NIST: http://www.nist.gov/index.html 

–  National Institute of Standards and Technology 
Whorl 
module 
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Classification Evaluation 
-  Accuracy  

–  Rejection can improve accuracy 

-  Penetration rate: time constraint 

-  Confusion matrix (DB4) 

-  Rejection can improve accuracy (DB14) 
–  Unknown class 
–  FBI target 
–  NIST database  -DB 4, DB14 
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Results on DB4, DB14 
-  Results on DB4 

-  Results on DB14 
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Example Iris & Speech 
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Matching 
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Performance evaluation 
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FMR and FNMR 
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FA & FR 
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Scores distribution 
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Two kinds of error 
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Two kinds of error 
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The Equal Error Rate 

- ROC: 
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Using the ROC Curve 
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ROC curve – example on DB1 

-  2800 genuine pairs, 4950 imposters pairs 



Department of Cybernetics, Czech Technical University 

FVC 2004 results 
- http://bias.csr.unibo.it/fvc2004/ 
- http://www.nist.gov/srd/biomet.htm 



Department of Cybernetics, Czech Technical University 

FVC COMPARISION 
NIST Fingerprint Vendor Technology Evaluation 
- http://fpvte.nist.gov/ 

- NIST Proprietary Fingerprint Template (PFT) Testing 
- http://fingerprint.nist.gov/SDK/ 
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Accuracy and scalability 
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Convenience vs Security 
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Convenience vs Security 

- Convenience of a 
Biometric 
- Convenience of 

Implementation 

FAR1
FRR1

−=

−=

Security
eConvenienc

Forensic application 

High Security Access 
Applications 
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Errors specific to biometrics 
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Synthetic fingerprint generation 
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Feature extraction process 
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Basic idea 
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From master to final impression 



Department of Cybernetics, Czech Technical University 

SFINGE 
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FP area generation 
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Orientation 
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Orientation 
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Orientation 
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Frequency 
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Ridge line 

- Gabor filter 
- Seeds 
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Ridge line 
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Ridge thickness 
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Distortion 
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Perturbation & Translation 
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Background 
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Variations of ROCs 

Semi-log plots 

Log-log plot 


