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ABSTRACT: Biometric identification has emerged as a reliable means of controlling access to both physical and
virtual spaces. The area of biometrics related to 2D face images has been of great importance over years. Current state
of art faces identification algorithms focus on accuracy, so work well in terms of response time on small databases only.
In real life scenarios, face databases are usually huge and without any intelligent scheme the response time could be
really high as these algorithms require an exhaustive search on the database. A good indexing technique is required to
narrow down the search space. In our project an indexing technique suitable for 2D Face database is proposed. This
thesis classifies the indexing problem into two parts namely feature extraction and indexing. This approach aims at
reducing the search space and retention of the final matches in the reduced search space with very high probability. The
feature extraction consists of locating landmark feature points in the 2D face images and then producing a feature set
using Delaunay Triangulation. The technique of Delaunay triangulation, so far implemented on fingerprint images only,
helps in giving a robust feature set invariant of small transformations and luminance variations. This feature set is then
indexed through R- trees to reduce the search space.
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I. INTRODUCTION

Biometric identification has emerged as a reliable means of controlling access to both physical and virtual spaces. The
area of biometrics related to 2D face images has been of great importance over years.

Current state of art faces identification algorithms focus on accuracy, so work well in terms of response time on small
databases only. In real life scenarios, face databases are usually huge and without any intelligent scheme the response
time could be really high as these algorithms require an exhaustive search on the database. A good indexing technique
is required to narrow down the search space.

There are various ways to solve the identification problem. Simplest approach does an exhaustive search on

database. This approach is very costly for large database. The second approach is based on classification, where
database is divided into small number of classes. A query face could belong to one or more classes. Further matching is
done only with members of the class to which the query belongs. Third approach, a candidate set is produced for
matching. So, instead of searching through the complete database for a match, only the candidate set is searched. This
makes the identification process cheap. No similar indexing work as proposed in this thesis has been done yet.
The problem is to reduce the number of templates/IDs to be considered for a match by an identification system. The set
produced for identification system and containing possible match ID is called *Candidate set’. It is also called reduced
search space. The probability that possible match is there in the search space is called *Hit Rate’. It is desired that the
result candidate set should retain the match, if any with a very high probability i.e. the hit rate must be high. High hit
rate also ensured that the accuracy of underlying identification algorithm would not be hampered. The fraction of the
database being touched to produce candidate set is called ‘penetration rate’. Candidate set must be generated quickly
and cheaply in terms of computation. This means penetration rate must be low. Formally, the problem is defined as
follows,
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“If there is face database D containing a large number of images and let a query face image be Q,produce a
candidate set C such that if Q has a match M in database D i.e. M is in D and M matches Q, then C must contain M
with a high probability .”

Il. RELATED WORK

1. Face recognition algorithms use subspace methods such as PCA, ICA, and SVM etc. for classification, but to
the best of our knowledge, there are no direct use of classification or indexing in literature just to reduce the
search space for face recognition. An indexing technique by classifying data based on Gabor features, k-means
clustering has been proposed by Jai Kumar Singh. [12].

2. In this work, an approach to reduce the search space for 2D frontal face recognition has been proposed. It is
based on extraction of landmark facial feature points (such as corner points of eyes, mouth, nose etc.).

3. These points are then considered to form Delaunay Triangulation which helps in finding robust features. The
values obtained from each triangle form the key for R trees.

I1l. PROPOSED APPROACH

Traditional databases index the records in an alphabetical or numeric order for efficient retrieval. In biometric
templates, there is no natural order by which one can sort the biometric records, making indexing a challenging
problem. Indexing the database implies a logical partitioning of the data space. In this approach of search-space
reduction we make use of a Tree structure for organizing the data, such that each of the leaf nodes store one or
more biometric templates. Thus given a test template, only the templates having similar index values would be
considered as the search space, or in the case of range search, only the fraction of the database lying within the range of
the indexes of the test template would be the new search space. The reduced search space could then be passed on
for actual identification using a slower but a more reliable biometric such as fingerprint. With Biometric data being
inherently multi-dimensional, it is indispensable that the indexing technique support multi-dimensional data. Besides
supporting high-dimensional data, there are several additional requirements that the indexing technique must
satisfy for lending itself to the biometric domain, such as the following:

1. Tree should be approximately balanced

A balanced Tree will ensure that the time needed to reach to every leaf node is nearly the same among all the
possible paths from the root to the leaf.

2. Tree should be dynamic

The Tree structure used must be dynamic with respect to frequent insertions and not so frequent deletions. Since we
refer to an online real-time application, such as an airport deployment, the number of new enrollments into the database
can be expected to be ever increasing. The Tree should not lose its original properties of being approximately
height balanced or being non-skewed, with these online operations of insertions and deletions.

3. Tree should support range queries

Since the feature values measured for a biometric template is dependent on the data acquisition device and the feature
extraction algorithm, we would want to provide a tolerance to each of the features measured, based on the intra-user
variance observed for the feature. Thus in effect we would place the template into a bounding box, such that the extent
along each dimension signifies the tolerance we provide for that dimension/feature. In such cases, the effective search
space would be the candidates that lie within this hyper-rectangle. Indexing techniques for biometrics must hence be
able to support range query searches.
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4. Tree should not have overlapping intermediate nodes

Overlapping intermediate nodes imply that while parsing through the tree to reach a certain leaf node, we might have to
check different paths and thus search in several different leaf nodes.

5. Scalability

Since we consider real-time applications, we can expect the database size to scale to millions of records. The indexing
technique we use should be able to handle such a large amount of high-dimensional data.

I11. (1) (FEATURE EXTRACTION BLUEPRINT)

Frontal face images Convert images to gray
scale
A 4
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Calculation of invariants from each triangle
which forms the feature set

I1I. (n) RTREE INDEX STRUCTURE

An R-tree is a height-balanced tree similar to a B-tree with index records in its leaf nodes containing pointers
to data objects. Nodes correspond to disk pages. If the index is disk-resident, and the structure is designed so that a
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spatial search requires visiting only a small number of nodes. The index is completely dynamic; inserts and deletes can
be inter- mixed with searches and no periodic reorganization is required.

A spatial database consists of a collection of tuples representing spatial objects, and each tuples has a unique
identifier which can be used to retrieve it Leaf nodes in an R-tree contain index record entries of the form (I, tuples-
Identifier) Where tuples-lIdentifier refers to a tuples in the database and I is an n-dimensional rectangle which is the
bounding box of the spatial object indexed. The non-leaf nodes contain entries of the form (I, child-pointer). Child
pointer is the address of a lower node in the tree | covers all rectangles in the lower node’s entries.

Let M be the maximum number of entries that will fit in one node and let m<=M/2 be a parameter specifying
the minimum number of entries in a node.

An R-tree satisfies the following properties:

1. Every leaf node contains between m and M index records unless it is the root.

2. For each index record (I, tuple-identifier) in a leaf node, 1 is the smallest rectangle that spatially contains the n-
dimensional data object represented by the indicated tuples.

3. Every non-leaf node has between m and M children unless it is the root.

4. For each entry (I, child-pointer) for a non-leaf node, | is the smallest rectangle that spatially contains the
rectangles in the child node.

5. Theroot node has at least two children unless it is a leaf.

6. All leaves appear on the same level.

Figure show the structure of an R-tree and illustrate the containment and overlapping relationships that can exist
between its rectangles. The height of an R-tree contain index records is at most log,N-1 because the branching factor

. - N N - .
of each nodes at least m. The maximum number of nodes is ||E| + |W| | +.... +1 worst-case space utilization for all

nodes except the root islgl. Nodes will tend to have more than m entries, and thus will decrease tree height and

improve space utilization. If nodes have more than 3 or 4 entries the tree is very wide, and almost all the space is used
for leaf nodes containing index records.

[R8 [R10|[R11[R12] |[R13[R14] |[R15[R18] ]|R17]18|R19|

To Data Tuples
IV. SEARCHING

The search algorithm descends the tree from the root in a manner similar to a B- tree. However, more than one sub tree
under a node visited may need to be searched; hence it is not possible to guarantee good worst-case performance.
Nevertheless with most kinds of data the update algorithms will maintain the tree in a form that allows the search
algorithm to eliminate irrelevant regions of the indexed space, and examine only data near the search area.

In the following we denote the rectangle part of an index entry E by EI, and the tuples- identifier or child-identifier
part by Ep,

Algorithm Search: Given an R-tree whose root node is T, find all index records whose rectangles overlap a search

rectangle S.
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1. [Search sub trees] If T is not a leaf, check each entry E to determine whether EI overlaps S. For all overlapping
entries, invoke Search on the tree whose root node is pointed to by Ep.

2. [Search leaf node] If T is a leaf, check all entries E to determine whether El overlaps S If so, E is a qualifying
record.

V. EXPERIMENTAL RESULTS
The test images were randomly chosen from the face database. These images were then used as query template
and the results were recorded. The database consists of several images of the each individual. The results of the search
query consist of a fraction of IDs. The results represented vote count for each ID. The results were sorted. The top three
vote counts were obtained. The IDs having these vote counts were taken as the Candidate set. If this resulted in more
than 10 % of the original database, then only top 10 % values from the result of vote count were included.

If the image imprint was already present in the database, the hit rate was trivially, 100 %. The hit rate was found
to be approximately 90% in the case there were other imprints of the individual, but not the one being used as a query.

VI . FUTURE SCOPE

There are few scopes of future work to improve the indexing performance:

1. A more efficient point localization scheme would lead in calculation of feature vectors that would be robust to
different imprints of the same individual. Thus, resulting in larger hit rate and low penetration rate.

2. There is a scope to parallelize the approach to further enhance the response time of the scheme. For example,
query part can be parallelized by taking each query (Ith triangle) separately on parallel processors.

3. The approach must be tested on other databases as well to check the efficiency.

4. The size of database must be further increased to check the response time, penetration rate and hit rate. On

very large databases such as ranging from 10,000 to 20,000 the approach for building R trees can be modified.

VII. CONCLUSION

A scheme for indexing of face database is proposed. This takes forward the implementation of Delaunay
triangulation to obtain robust feature sets, which were formerly used in case of fingerprint data. The results showed that
the features obtained were robust and also helped in classification to reduce the size of R trees.

A significant amount of reduction in search space was obtained. The results depend greatly on the efficiency of
feature point detection scheme. The approach used shows good performance and can be further modified to check its
efficiency
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