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Fingerprint anatomy 

A fingerprint is composed of a set of lines (ridge lines), which mainly flow parallel,

making a pattern (ridge pattern).

The minutiae, or Galton’s characteristics, are

determined by the termination or the bifurcation of the

ridge lines.
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Local minutiae-based matching methods
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Minutiae-based matching consists in finding the
alignment that results in the maximum number of
minutiae pairings.

Local minutiae matching consists of comparing two
fingerprints according to local minutiae structures.

Local structures are characterized by attributes that
are invariant with respect to global transformation (e.g.,
translation, rotation, etc.) and therefore are suitable for
matching without any a priori global alignment.

Jiang (2000) Ratha (2000) Tico (2003) Qi (2004)

Ng (2004) Chen (2005) He (2006) Feng (2008)
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Families of local structures
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Jiang (2000) Ratha (2000)
Nearest neighbour-based structures: Fixed radius-based structures:

the neighbors are defined as all the minutiae

that are closer than a given radius R from the

central minutia. The descriptor length is

variable and depends on the local minutiae

density; this can lead to a more complex

local matching; however, in principle, missing

and spurious minutiae can be better

tolerated.

the neighbors of the central minutia

are formed by its K spatially closest

minutiae. This leads to fixed-length

descriptors that can be usually

matched very efficiently.

Matching fixed radius-based structures can lead to border

errors: in particular, minutiae which are close to the local region

border in one of the two fingerprints can be mismatched

because of different local distortion or location inaccuracy that

cause the same minutiae to move out of the local region in the

second fingerprint.

A critical point of these type of algorithms is the possibility of

exchanging nearest neighbour minutiae due to missing or

spurious ones.
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The basic idea behind the new local method
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• Fixed radius structure;

• Fixed-length descriptors;

• Fast and simple matching phase;

• Matching algorithm compliant to ISO/IEC 19794-2 (2005);

• Portable on inexpensive secure platforms.

Common local structure New 3D local structure
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The cylinder local structure
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The cell identification indices
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The cell value
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The spatial contribution
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The directional contribution
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Example of a cylinder
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Cylinder template
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Cm2
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The similarity between two cylinders
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Ca Cb Cc

γ(a,b)=0.75

γ(a,c)=0.38
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Bit-based implementation
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Ca Cb The cell value:

The similarity between two cylinders:

γBit(a,b)=0.63

1

0
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Global score and consolidation
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Pure local techniques
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Local Similarity Sort (LSS) Local Similarity Assignment (LSA)
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Relaxation approach
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The basic idea is to iteratively modify the local similarities based on the

compatibility among minutiae relationships.

1. Preliminary step:

2. Relaxation step:
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Local similarity sort with relaxation (LSS-R)
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In the preliminary step, the nR pairs are selected using the LSS technique.
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Local similarity assignment with relaxation (LSA-R)
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In the preliminary step, the nR pairs are selected using the LSA technique.
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Experimental evaluation (1)

Benchmark datasets:

– four FVC2006 fingerprint databases (DB1, DB2, DB3,

DB4);

– the datasets have been obtained using five ISO-

compliant minutiae extractors (called a, b, c, d, e)

provided by five of the best performing FVC2006

participants.

Algorithms evaluated:

– MCC16 (NS=16, ND=6);

– MCC16b (NS=16, ND=6, bit-based implementation);

– MCC8b (NS=8, ND=6, bit-based implementation);

– Jiang;

– Ratha;

– Feng.

20
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Experimental evaluation (2)
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Accuracy on DB2 Efficiency
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Patent pending n° ITBO2009A000149
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Conclusions and future works

• Conclusions:

– Local structure characteristics:

• fixed radius structure;

• fixed-length descriptors

• bit-oriented representation;

– Matching algorithm characteristics:

• high accuracy;

• simple and fast;

• suitable to be used on embedded systems/smart cards;

– Patent pending;

• Future researches:

– Fingerprint indexing;

– Template protection.
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