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Abstract

Indexing large fingerprint databases is an
important and challenging problem. In this paper, an
invariant-based  fingerprint indexing scheme s
proposed. Minutia and surrounding ridges are
combined to form a substructure. The invariants
describe binary relations between substructures.
Experimental  results on  FVC2002  database
demonstrate the validity of the proposed algorithm.

1. Introduction

Human identification by fingerprints is widely used
in forensic and civilian applications. Accuracy and
speed is two key factors when choosing an automatic
fingerprint recognition system. Most fingerprint
matching algorithms can easily meet real-time
requirement of verification systems. However, real-
time fingerprint identification in large databases is a
challenging problem. Assume that the time for
matching a pair of fingerprints is ¢. It will take M X7 to
compare the input fingerprint against each model
fingerprint in the database with M fingerprints. When
the size of the database is huge (e.x., 10°), the
identification time is forbidden. Therefore some means
should be adopted to reduce the number of candidate
fingerprints that have to be dealt with by matching
algorithms.

The existing approaches to reducing the number of

candidates can be coarsely classified into three families.

1)  Exclusive classification: A fingerprint is
assigned to one of the several pre-specified
types [5], such as five types. Then matching is
performed only for fingerprints of the same
class. This approach can not reducing the
number of candidates greatly.

2)  Continuous classification: In [2, 3], a fixed-
length feature vector is computed from
fingerprint  directional field, and then
fingerprint indexing is converted into a high
dimension indexing problem.
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3) Invariants: In preprocessing stage, invariants
(or indices) are computed from all model
fingerprints and stored in a hash table. In query
stage, indices are computed from input
fingerprints and used to search the hash table.
The method by Germain et al. [4] uses
invariants from minutiae triplet, including
distances, angles, and ridge counts between
each pair of minutiae. Bhanu and Tan [5] make
some improvements on Germain’s method.

The method proposed in this paper belongs to the

third family, namely the invariant-based one. Different
from the algorithms in [4] and [5], the invariants used
in our algorithm are computed from ridges. In our
approach, the role that a minutia plays is the reference
of surrounding ridges. A minutia and surrounding
ridges are combined to form a substructure. For two
substructures in a fingerprint, using one of them as the
base, we can construct lots of invariants to describe the
relations between them.

Ridge invariants have the following advantages

over the minutiae invariants used in [4, 5].

1) It carries more distinctive information. In some
cases, the number of minutiae that can be
paired between a query fingerprint and the
corresponding model fingerprint is small. In an
extreme case, such that the number is 3, only
one minutiae triplet can be matched and
therefore, the true model fingerprint obtains
only one vote. However, our method might
still produce many votes, depending on the
distribution of ridges.

2) It is insensitive to nonlinear deformation and
noise. Obviously, ridge counts are invariant
with respect to nonlinear deformation. In
addition, our ridge count estimation method is
more robust than that in [4].

3) Evidence accumulating is simple and fast. In
[4], evidence is accumulated by estimating the
pose transformation and clustering. However,
we just sum the votes of the same base.

We have tested the proposed algorithm and the

minutiae triplet algorithm by Germain et al. on
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FVC2002 databases [6]. Experimental results show the
superiority of our algorithm over that of Germain et al.

The rest of the paper is organized as follows. In
section 2, the overview of the indexing scheme and
feature extraction algorithm are given. In section 3,
invariants used are defined and index generation is
described. In section 4, query is described. In section 5,
experimental results are given. Finally in section 6,
conclusions and future work are given.

2. Overview and feature extraction

The system consists of two stages: preprocessing
stage and query stage. In the preprocessing stage,
invariants are computed from model fingerprints, and
are then inserted into the hash table together with
source information (including model fingerprint ID and
base substructure ID). In the query stage, invariants are
computed from the input fingerprint and used to vote
for (model, base) pairs with the same invariants.
Finally, the first N candidate fingerprints sorted by the
numbers of votes are outputted.

2.1. Feature extraction

Given a gray-scale fingerprint image, a feature
extraction algorithm developed in our laboratory is
used to produce a thinned image and a set of minutiae.
This algorithm follows the common steps adopted in
most of minutiae-based fingerprint matching systems,
including directional filtering, thresholding, thinning
and minutiae detecting.

Then ridges are extracted from the thinned image
and sampled at a fixed interval (6 pixels in our
experiments). Thus, a set of ridges, denoted as SP, are
represented as a 2-D list of sampled points, and the jth
sampled point on the ith ridge is denoted as SP(i, j),
where i denotes the ridge number, and j the point
number.

3. Index generation

This section is to describe how to generate indices
from fingerprints. First, the definition of substructure is
introduced. Then invariants (indices) are described.

3.1. Substructures

For each minutia, a substructure is constructed as
follows. For a bifurcation, the substructure consists of
3 ridges that the bifurcation belongs to (see Figure 1
(a)). For a termination, in addition to the ridge that the
termination belongs to, 2 more adjacent ridges are
included (Figure 1 (b)). In the later case, each of the

two ridges is further segmented into two sub-ridges in
the following way. Draw a line passing the termination,
normal to the local ridge direction, which will segment
each ridge into two sub-ridges. The two points (marked
with circle in Figure 1 (b)) are called the reference
points of the four sub-ridges. A minutia is the natural
reference point of the ridges which it belongs to.
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Figure 1. Substructure for bifurcation (a) and
termination (b). Labels and flow directions of
ridges are shown.

In a substructure, the flow directions (&) of ridges
are defined with respect to the direction of the minutia
(see arrows in Figure 1). Note that the range of the
flow direction is[-180°,180°) .

Each ridge (or sub-ridge) in a substructure is
assigned a label. For a bifurcation, the 3 ridges are
labeled by checking the relative directions between the
ridges. For a termination, the ridge that it belongs to is
first labeled, and then the other 4 sub-ridges are labeled
by checking the relative directions with respect to the
first ridge. Figure 1 (a) and (b) show examples for
labeling of substructures of bifurcation and termination
respectively, where B and T mean bifurcation and
termination, respectively. Note that the labeling is
invariant with respect to rotation.

Given two substructures to be compared, we can
determine the corresponding ridges in two
substructures based on ridge labels. If the minutiae of
two substructures are of the same type, the ridges with
the same label are corresponding ridges; Otherwise,
there are two possible correspondences: {(B1, T1), (B2,
T2), (B3, T3)} or {(B1, T4), (B2, T1), (B2, T5)} (see
Figure 1).

3.2. Invariants

The invariants (or indices) are generated by using
binary relations between substructures. Since partial
overlap is common in fingerprint matching, instead of
using a single feature vector to characterize the
relations between a pair of substructures, we use lots of
local invariants, which describe the relations between
sampled points in two substructures.

One of the two substructures is called base
substructure (BS), and the other called associated
substructure (AS). From each sampled point (called BP)
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on each ridge (called BR) in BS, draw a line L (called
scanning line) along o = @(BP)+x/2 , where 8(BP)
denotes the flow direction of BP. If L intersects a ridge
(AR) in AS at a point (the sampled point nearest to this
point is called AP), an index is generated to describe
this incident. The index consists of 5 components: [/,
Do L, pa ], where [, denotes the label of BR, p,, the label
of BP, [, the label of AR, p, the signed point count
between AP and the reference point of AR, ¢ the
signed ridge count between BP and AP. Point count
between two sampled points on the same ridge is the
number of sampled points between them. Ridge count
between BP and AP is the number of time that the
scanning line between BP and AP intersects with
ridges. The sign of p, is positive, if a—8(AP) >0 ;
otherwise it is negative. The sign of ¢ is positive, if AR
interests with the positive side of the scanning line at
AP; otherwise it is negative.

An example is given in Figure 2 to illustrate the
generation of index. There are three minutiac my, m,,
and m; in the figure. Suppose that the substructure of
m, is the base substructure. The substructures of the
other two minutiae are associated substructures. One
BP (marked with filled circle), its scanning line, and
APs (marked with circles) are shown on each BR. Two
of the 13 indices are given in the figure. This example
also demonstrates that our method can produce lots of
indices even if only three minutiae are available,
whereas the minutiae triplet method can only produce
one index in this case. In addition, for the only minutia
triplet in this example, the ridge counts between
minutiae are difficult to estimate.
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Figure 2. Index generation. The indices of a and b
are [B34 B2 -10 2] and [B1 4 T5 -6 -3], respectively.

Note that each substructure in a fingerprint will be

used as the base. In the hash table, an index may have
multiple (model, base) pairs.

4. Query

During the query stage, each index generated by the
query fingerprint is used to lookup the same index in
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the table and vote for all (model, base) pairs under this
index. In practice, since the exchange of types of
minutiae is allowed, not only the same index is looked
up, all permitted indices are looked up. In addition, if
the two base minutiae of query fingerprint and model
fingerprint are of different types, for the base, two
possible correspondences are voted separately.

After all indices from the query fingerprint have
been used to vote, model fingerprints are sorted by
vote numbers, and the top N model fingerprints are
outputted.

5. Experiment

We have conducted experiments on DB1_A from
FVC2002 databases. The image size is 388 X374, and
the resolution is 500 dpi. The database consists of 100
fingers and each finger consists of 8 impressions. The
first impression of each finger is used as the model
fingerprint. Other 7 impressions are used as the query
fingerprints. Totally 700 queries are performed.

We use the correct rate and penetration rate to
evaluate a fingerprint indexing algorithm. A query is
regarded as correct if the true fingerprint is contained
in the candidate list outputted by the algorithm. The
correct rate is the ratio of the correct queries to all
queries. The penetration rate is the ratio of the size of
the candidate list to the size of the whole database. For
a given indexing algorithm, the correct rate increases
when the penetration rate increases. The correct rate
versus penetration rate graph, which shows the correct
rates under different penetration rates, is an important
tool to analyze the performance of an indexing
algorithm.

The minutiae triplet algorithm by Germain et al. is
implemented for comparison purpose. The correct rate
versus penetration rate graphs of two algorithms are
given in Figure 3. From the figure, it can be observed
that our algorithm is slightly better than that of
Germain et al. The query times for a single query
fingerprint of both algorithms are less than 0.1 second.

An example is given to illustrate our algorithm. The
query fingerprint and the corresponding model
fingerprint are shown in Figure 4. The base
substructures with the highest number of votes are
highlighted. Using this query fingerprint, the numbers
of votes of all model fingerprints in the database are
plotted in Figure 5. The number of votes of the 1%
model (the corresponding model) is 151. It is easy to
distinguish the corresponding model from the others.
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Figure 3. Correct rate versus penetration graphs of
two algorithms on DB1 from FVC2002.

Figure 4. The left one is the query fingerprint, and

the right one is the corresponding model fingerprint.

Base substructures with the highest number of
votes are highlighted.
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Figure 5. The number of votes is shown for each
model in the database. The query fingerprint is the
left one in Figure 4. The corresponding model (1*
model) is easily recognized.

6. Conclusions

Indexing large fingerprint databases is an important
and challenging problem. An efficient fingerprint
indexing algorithm is proposed in this paper, which is
based on ridge invariants. Compared to minutiae
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triplets based indexing algorithm, our algorithm carries
more information. The discrete nature of ridge
invariants makes binning of invariants unnecessary. It
is also easy to accumulate evidence. Promising results
are obtained on public domain database.

Future work includes exploring performance on
larger databases and fusion of multiple indexing
schemes.

Acknowledgement

This work is supported by National Natural Science
Foundation of China under grant 60472069.

References
[1] AK. Jain, S. Prabhakar, and L. Hong, “A
Multichannel Approach to Fingerprint
Classification”, IEEE Transactions on Pattern

Analysis and Machine Intelligence, 1999, 21 (4), pp.
348-359.

[2] A. Lumini, D. Maio, and D. Maltoni, “Continuous
versus exclusive classification for fingerprint
retrieval”, Pattern Recognition Letters, 1997, 18
(10), pp. 1027-1034.

[3] R. Cappelli, A. Lumini, D. Maio, and D. Maltoni,
“Fingerprint Classification by Directional Image
Partitioning”, [EEE Transactions on Pattern
Analysis and Machine Intelligence, 1999, 21 (5), pp.
402-421.

[4] R.S. Germain, A. Califano, and S. Colville,
"Fingerprint Matching Using Transformation
Parameter Clustering", IEEE Computational Science
& Engineering, 1997, 4 (4), pp. 42-49.

[5] B. Bhanu and X. Tan, “Fingerprint indexing based
on novel features of minutiae triplets”, /EEE
Transactions on Pattern Analysis and Machine
Intelligence, 2003, 25 (5), pp. 616-622.

[6] D. Maio, D. Maltoni, R. Cappelli, J.L. Wayman,
AK. Jain, “FVC2002: Second fingerprint
verification competition”, in: Proceedings of ICPR,
Quebec City, Canada, 2002, pp. 744-747.

IEE I-'

COMPUTER

SOCIETY




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


