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Abstract. Nowadays, palmprint identification has emerged as a very
competitive and used technique in biometric systems. In these applica-
tions, efficiency is a very important but challenging problem for some
reasons. The area of a palmprint is bigger than the one in a fingerprint.
In this way, the amount of minutiae is also bigger and distortions are
much more critical. On the other hand, reduction of the search space
is essential in the process of identification. In this paper, a new palm-
print indexing algorithm based on minutiae is proposed. Minutiae are
very used by experts in order to perform manual matching, so this pro-
posal can use features corrected by humans. The presented algorithm
also uses a representation of palmprints based on an expanded triangle
set, that proves to be very tolerant to minutia displacements on impres-
sions. With this representation, a small set of features is extracted from
minutia triplets. This aspect is very critical in the context of palmprints
where the amount of minutiae can be over 900. The accuracy reached by
this method in the performed experiments, is higher than 99,5 % for any
value of penetration rate.

1 Introduction

Biometrics can be defined as the automated use of physiological or behavioural
characteristics to identify or verify the identity of a person. Nowadays, palm-
prints matching is one of the most useful techniques [1,2]. The ridge patterns
found on the palms of hands are unique, and they provide enough information
to distinguish a specific person from the rest. Since the palm area is much larger,
more distinctive features can be captured in comparison with fingerprints. This
fact turns palmprints into a suitable technique for identification systems.

Despite having some similarities with fingerprint, the use of palmprints in
recognition tasks brings additional problems. These issues are given mainly
because the useful area of a palmprint is very large: palmprints usually have
more than 900 minutiae. Thence, the computational cost of a matching opera-
tion has a significantly increment, since palmprints recognition process can not
be implemented by searching over every possible entry stored in a gallery.

For these reasons, the reduction of the search space in which an exhaustive
search will be performed is essential. Unlike fingerprints [3], palmprints can not
be classified by any standard efficient criteria. Also, even when some proposals
are found in the literature [4,5], the number of clusters in which the search
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space is divided is small. Therefore, the reduction of the potential candidates is
minimal using this approach.

The classical solution for this kind of problem is the use of some indexing and
retrieving process. There are many proposals focused on indexing approaches in
fingerprint recognition [6-8]; however, in palmprints it is a relatively new topic.
Moreover, Delaunay triangulations and other similar structures have never been
used in palmprint indexing as in fingerprints identification [9-11].

There are a few proposals in the literature using different techniques for
palmprints indexing. Some of these techniques are line features for build-
ing hierarchical classifiers [12], texture features [13,14], Haar wavelets and
Zernike moments [15], palmprint pre-alignment and coarse matching [16], SIFT
points [17] and KD-trees [18]. However, all of these works use images of a palm
and they do not use minutiae information.

The main advantage of our proposal, is that, unlike other methods found in
the state-of-the-art, it reaches a high accuracy using only minutiae information.
These characteristic points are very used by experts in the field, so our method
can be used even with manually edited features, in a more intuitive way.

The general structure of all indexing methods is very similar. When a new
object (palmprint in our case) is inserted in the gallery, some information in
form of indices is extracted from it and stored in an index table. Then, when
a query is performed, their indices are obtained in the same way, in order
to find correspondences with the index table. Using this information, the algo-
rithm must be able to return a list of candidates ordered by a similarity value
(see Fig. 3).

The present work is organized as follows. In Sect. 2, the representation used
for processing palmprints is described. Section 3 is dedicated to the selection of
the features used and the construction of the index table. In Sect. 4, the process
of retrieving is presented and in Sect. 5 some experimental results validating our
proposal are shown. Finally, in Sect. 6, our conclusions are given.

2 Representation

In this proposal, a previously introduced representation [8] in the literature is
used, in order to assign a unique topological structure to each palmprint. This
representation, based on the Delaunay triangulation, has been successfully used
in fingerprints. Formally, a generalization of the Delaunay triangulation [19] can
be defined as follows:

Definition 1. Let P = {p1,--- ,p,} be a set of points in R?, for p;,p;,py € P:

~ (pip;) is a Delaunay edge of order k if there is a circumcircle to (p;p;) that
contains at most k point of P.

— Apipipr is a Delaunay triangle of order k is its circumcircle contains at most
k points of P.

— A triangulation of P is a Delaunay triangulation of order k if every triangle in
the triangulation is from Delaunay of order k and will be denoted as T Dy (P).
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The Delaunay triangulation of order k is unique for a specific set of points
if there is no circumcircle with three or more points of P on the border. This
characteristic is very useful in many areas of image and shape recognition.

As was mentioned earlier, some proposals build representations based on the
previous definition, by constructing the set P with minutiae coordinates [6,8].
However, Delaunay triangulations may suffer great local changes in some cases.
This situation may occur even with small variations on the points coordinates.
In the process of palmprint recognition, these changes may represent a serious
issue. The human skin is elastic, so the position of some minutiae may be different
in two impressions of the same palm. This problem is more evident in palmprints
since the area of interest is much bigger than in fingerprints. In Fig.1(a) and
(b) we can see the structural change in a triangulation when a point p is slightly
displaced.

In order to deal with this problem, an expanded triangle set ETy(P) [8],
defined as follows is used:

ETy.(P) = TDo(P)| JTDy(P) (1)

As it is shown in Fig. 1(c), this representation generates the triangles that
would be found if minutiae were displaced. In this way, some matches will be
found even if there are variations in coordinates produced by noise.

(a) Delaunay (b)  With asmall (c) Set of triangles
triangulation displacement of p ETy(P)

Fig. 1. Triangles generated with the expanded representation.

The expanded triangle set has many advantages regarding other existing
representations. Besides dealing with displacements of minutiae, the number of
triangles generated in ET}y(P) remains linear over the size of P, as is enunciated
in the following property:

Theorem 1. The number of triangles in ETy(P) is smaller than 8|P| —
5|CH(P)| — 8 for any value of k, where |P| and |CH(P)| are the number of
points of the set P and the number of edges in CH(P), respectively (see proof in
Munioz-Briserio et al. [8]).

This property is very desirable in palmprints recognition, since the number
of minutiae found in a palm is considerably bigger than in a finger. Delaunay
triangles of order k are obtained using a variation of the algorithm described by
Gudmundsson et al. [19].
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As in a previous proposal [8], a strategy was used in order to eliminate the
triangles of ET}(P) that may be affected by noise in the impression. To perform
this operation, bad quality zones of the palmprints are computed by using a
state-of-the-art method [20].

Finally, those triangles belonging to ETy(P) with sides crossing more than r
pixels of a bad quality zone in the palmprint, are eliminated. In Fig. 2 the final
representation used in the present proposal can be seen.

Fig. 2. Palmprint representation.

3 Indexing Stage

In this stage, the index table H that will be used in the retrieving stage is
designed. The values of the keys introduced in H are indices that describe dis-
tinctive characteristics of the palmprints stored in the database.

In order to index a palmprint using its respective representation ETy(P),
a feature vector f(s¢,a1,as,as,cij;, cjk, cg;) of each triangle Ap;p;py € ETy(P)
made up by the following features is extracted:

— s triangle sign. s, = 0 if the expression z;(y; — yx) +2; (Yr — y;) + & (¥i —y;)
is less than 0, and s; = 1 otherwise.

— a1, az and ag: relative directions of the minutiae represented by the points p;,
Dj ¥ Pk, With respect to their opposite side in Ap;p;pg, with 0 < a; < 7 since
the value of this feature is discretized.

— ¢ij, ¢jk and cg;: ridge counters between the segments (p;p;), (P;P%) and (Pxpi),
respectively.

Using the minimum amount of bits for representing each component of f,
the feature vector can be represented with 22 bits. Taking this into account the
index function is defined as follow.

Definition 2. The index function of a feature vector f is defined as h : & —
Koo, such that h(f(s¢, a1, a2,a2,¢ij, Cjk, Cri)) s the integer number obtained by
concatenating the binary representation of each component of f.
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With the previous definition the index table H is built. In Algo-
rithm 1 this process is illustrated, given a set of tuples E =
{ETe1(P1), 1D1), (ETy2(P2),I1D2), ..., (ETin(F), IDy)}, where ETy;(F;) is
an extended triangle set, and ID; is the identifier assigned to the palmprint
represented by ETy;(P).

Algorithm 1: Indexing process.
Input: £
Output: H
H«—0
foreach <ET]W(PZ),ID1> € F do
foreach Ap;pmpn € ETri(P;) do
f — extractFeatureVector( Apipmpn)
H — HU{h(f), (Apipmpn, IDi)}
end
end
return H;

Firstly, an empty table H is initialized (line 1). Then, for each Ap;pmpn
in each (ETy;(P;),ID;) the respective feature vector f; is obtained. Using this
information, an entry of the form (Ap;pypn, ID;) is inserted in H under the key
h(fi) (lines 2-7). It is important to note that more than one entry can be stored
in H under the same key.

4 Retrieving Stage

In the retrieving stage, the candidate list to match with a given palmprint (query)
is constructed using a correspondence count structure called R. Each element of
R is composed by a key and a numerical counter. The whole process is detailed
in Algorithm 2.

The first step is to obtain the representation ETyq(P,) of the query, using
the same process explained in previous sections. Then, for each Appmp. €
ETy4 the following process is performed. Let f be the feature vector com-
puted from Ap;pmpy, and let L = {<Apllpm1pn1, IDy), (Apizpma2pn2, ID2), . . .,
(APLPmrPar, IDy) } be the set of tuples of H stored under the index A(f).

Using this matches, new tuples v; = (I D;, T;) are built where T; is a geometric
transformation performed on Ap;p,,p, composed by the values of translation and
rotation that minimize the average euclidean distance between the transformed
points of App;,pn, and their corresponding points in Apyipmipn; (lines 5-6).
Then, ~; is used as key to insert a new entry in R. If an element with the same
key already exists in R, the associated counter is incremented by 1. Otherwise, a
new element is created in R with the counter set to 0, using ; as key (lines 7-11).
Notice that if there are no entries stored with the key h(f) in H, no operation
is performed. In Fig. 3 the general scheme of this proposal is illustrated.
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Finally, the candidate list is obtained from R by sorting their elements in
decreasing order, by the values of the counters. This method is based on the
idea that if indices are extracted from two different impressions of a same palm,
they will match with very similar geometric transformations.

The retrieving process of our approach is very efficient since every operation
in this stage can be performed by using some kind of index. Both structures,
H and R, can be implemented using hashtables or similar data structures, so
every operation over them has a constant order. In addition, the size of L is
considerably smaller than the amount of elements contained in H in a real envi-
ronment. In this way, the final number of operations depends on the amount of
indices generated by the queries.

/ Indexjng stage \

"3:%;; / Retrieving stage\

triangle ‘

sets ET,(P)) triangle
=

set ET,(P,) ‘

' Indices )
generation '

L]

Indices generated /

Finding correspondences

Fig. 3. Final scheme of the indexing and retrieving stages.

5 Experimental Results

In our research we could not find any free palmprint dataset in order to perform
our experiments. The only dataset available was provided by the authors of a
previous work [16]. That is why comparisons where performed with this proposal
as reference. In order to test the accuracy of our proposal, experiments were per-
formed using the first 100 palmprints of a dataset introduced by Yang et al. [16].
As in the mentioned work, the results reported were obtained by selecting one
impression for each palmprint to create the gallery, while the other seven were
used as queries (700 palmprints in total). As can be seen in Fig. 4, some images
of this dataset are very rotated. Also, 12 616 single impressions were added as
background, totalling 13 316 images in the gallery.
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Algorithm 2: Retrieving process.
Input: ETyq(Fy)
Output: R - count structure
foreach Apipmpn € ETiq do
f — extractFeatureVector( Apipmpn)
L — FindTuplesUnderIndex(h(f), H)
foreach (Apiipmipni, ID;) € L do
T; — ComputeTrans(Apipmpn, ADiiPmiPni)
Vi — <[Di, Tz>
if v; € R then
| IncrementCounter(R[vi])
end
else
| R+ RU{v;,0}
end
end
end
return R;

(a) (b)

Fig. 4. Two rotated impressions of the same palmprint contained in the test dataset.

To extract minutiae from the elements of the dataset a similar method to
the one reported in literature was used [21]. This approach is based on the com-
putation of black-white transition count around each point in the skeletonized
image of palmprints. A very simple segmentation of the images was performed
in order to eliminate blank areas. For the calculation of ridge counters a simple
method that uses the binarized image was developed.

Table 1 illustrates the average amount of minutiae and triangles computed in
the extraction stage with different values of k in our palmprints representation.
As we can see, the proportion remains linear.

The classical measure used for the evaluation of indexing algorithms, is the
trade-off between Penetration Rate (PR) and Correct Index Power (CIP). For
this reason, the accuracy of our results is expressed in function of this. More
formally we can define CIP(N) = 100 x ¢(N)/E and PR(N) = 100 x N/E,
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Table 1. Efficiency.

Average number of minutiae | Average number of triangles
k=0 |912 1726
k=1 2496
k=5 4243
k=10 4796
100 -
99,5 -
99
. 98,5
)
B
@)
98 =-ET10
——ET5
—>ET1
97,5 - —ET0
-o—-Yang et al.
97

5 10 15 20 25 30
Penetration rate (%)

Fig. 5. Comparison of indexing palmprints algorithms.

where F is the number of experiments and ¢(NV) is the number of times that the
correct result is within the list of the first N hypothesis.

In Fig.5 the results obtained by our approach using representations with
different values of k is shown. From these results, we can conclude that for k > 5
the accuracy is almost the same. Also, we can see that our proposal outperforms
a method proposed by Yang et al. [16]. In fact, we return the correct impression
in first place in the candidate lists of 698 queries. The two remaining queries are
very degraded palmprints in which our method fails to collect proper features.

The introduced approach not only reaches a high accuracy but also presents
a good efficiency compared with the proposal of Yang et al. [16], as evidenced by
Table 2. Execution times in both processes, features extraction and retrieving are

Table 2. Average execution time (in seconds) of features extraction and retrieving
processes for each palmprint.

Proposed approach | Yang et al.

Features extraction | 2.3 s 22's
Retrieving 0.15 s 0.22 s
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lower than the previously mentioned work. The same programming environment
was used to compute the average execution time of both algorithms.

6 Conclusions

In the present work, a new palmprint indexing algorithm is proposed. One of
the advantages of the introduced method is that it only works with minutia
information in order to build indices. Minutiae are also the main features used by
experts in manual matching. In this way, unlike other state-of-the-art algorithms,
our proposal can be implemented in an environment of interaction with humans
in the features extraction stage. Moreover, the used palmprint representation is
able to deal with very rotated and distorted impressions without losing accuracy.
The use of the expanded triangle set also has the advantage that the amount of
indices keeps being linear regarding the number of minutia found.
Experimental results show that our proposal achieves high accuracy and good
efficiency in a dataset composed by very rotated impressions, outperforming
other state-of-the-art proposals. As future works, we will test our method in
palmprints with other kind of degradation or noise. In addition, some other
triangle features will be evaluated in order to increase the final accuracy.
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