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Outline of talk

» Average deformation model
* Index of deformation
e Experimental results
e Improved alignment between two minutiae sets
» Optimal template selection
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Fingerprint matching

* The minutiae points of the two images cannot be accurately
matched
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(a) Template image (b) Query image (c) Aligning query with template



Proposed approach

template minutiae points before matching them with the query
minutiae points

» The deformation model is developed using Thin Plate Splines
(TPS)

= Minutiae points and ridge curves are used to establish
correspondences between pairs of impressions
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Baseline impression

impressions

Target

Impression with the target impressions

* We compute the “average” deformation that relates the
baseline



The TPS model

F(u) =c + Au + WTs(u),
where

c is a 2x1 translation vector,

A Is a 2x2 affine matrix, and

WT is a nx2 weighting matrix;

s(u) = (o(u-u,),0(u-Uy),...,o(u-u,))"

o(u) = [[ull?log(llul]), [lu]l =0
0 , lull =0



Estimating parameters of TPS

= The constraints are:
1'W =0
U'W =0



Minutiae correspondences

= The TPS model requires point correspondences between
Image pairs

= We use an elastic string matching technique to obtain
minutiae point correspondences



Ridge curve correspondences
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= Ridge curve correspondences are next determined by tracing
the ridges in the vicinity of corresponding minutiae points

= These ridge curves are then sampled at regular intervals to
obtain point correspondences
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The average deformation model

= For each pairing {T;, T;}, J#l, a TPS model, F;, is
computed using sampled ridge curve correspondences

» The average deformation of each pixel u in T, can then
be computed as:

Fi(u) = L%é: Fis(u)



Non-linear deformation
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Average deformation model
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e The average deformation model of three different baseline
Impressions is shown; each baseline impression was

compared against 15 other impressions of the same finger
iIn order to compute the model



Improved alignment

| | 0 QI.IJEI'].FF’BIH’[S |

¥ Template + Affine

¢y Template + Affine + Ave Def

[

150 . #* s
9? & 'ff?
\ @’ a.@-l—""
I o £ ® _
200 3 ’é?\ %
N e
250 © o
* O
300 L | | | | | |
0 50 100 150 200 250 300

» The average deformable model results in an improved
alignment between query and template minutiae points



Matching performance
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» Using distorted minutiae templates results in better
alignment



Index of deformatlon @)
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» The index of deformation represents the variability
associated with the estimated deformation around the
average
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* The index of deformation (®) is the sum of the trace of the
covariance matrix of deformation over all the pixels



® =128.27
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Performance using ®-optimal templates
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» Using the ®-optimal templates results in better performance



Summary and future work

optimal average deformation model for a finger

e We are studying the effect of the number of impressions on
the average deformation model

e We are examining ways to perform incremental update on
the average deformation model when new impressions are
made available



