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Abstract. Fingerprint matching for low quality or partial fingerprint
images is very challenging. It is mainly because the features such as
minutia points can not be extracted reliably. In the case of partial fin-
gerprint images captured using solid state sensors, enough number of
minutia points may not be included. In this paper, we introduce a novel
fingerprint representation that combines information from each extracted
minutia with detected ridges in its neighborhood. The proposed algo-
rithm first enhances a fingerprint image and generates a binary image.
Then instead of using thinning-based algorithms, the ridges are extracted
using a chaincode scheme, which retains the original thickness of the
ridges and precise local orientations. The minutia points are detected
by tracing the ridge lines. Finally the enriched local structural features
are built for each minutia by a spiral coding using the ridge line orienta-
tions around the minutia. The new features are translation and rotational
invariant. Each feature vector represents a minutia and its neighboring
ridge structures. Matching of two fingerprints is performed by calculating
the Euclidean distances between pairs of corresponding feature vectors.
Preliminary experiments show that the proposed algorithm is effective.

1 Introduction

A fingerprint is a graphical pattern of ridges and valleys on the surface of a
human finger. Due to the uniqueness and permanence of fingerprints, they are
among the most reliable human characteristics that can be used for personal
identification [1,2]. The uniqueness of a fingerprint is determined by the local
ridge characteristics and their relationships [1,3]. Ridge endings and ridge bifur-
cations, called minutiae, are generally considered to be the two most prominent
characteristics. Most Automatic Fingerprint Identification Systems (AFIS) are
based on minutiae matching. Each minutia is represented by attributes such as
the type of the minutia point (ridge ending or bifurcation), its location and ori-
entation. With detected minutia points, fingerprint matching is then reduced to
a point matching problem. There are several minutia-based matching algorithms
proposed in the literature. Besides approaches that apply direct point matching,
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many minutia-based matching algorithms take into account the translational
and rotational variations. A coupled approach is often used to match minutiae
in clusters by constructing a translation and rotation invariant structure. A local
structure composed of two or more minutiae close to each other serves to obtain
minutiae correspondences[4,5,6,7,8]. These minutia-based matching approaches
use only the minutia points and rely on the interdependencies between minu-
tia details. The matching performance is evaluated by counting the matched
minutiae.

Thus, the performance of a fingerprint verification/identification system using
minutia-based approaches depends heavily on the performance of the correspond-
ing minutia extraction algorithms. In practice, due to rotation and displacement
of the finger placed on the sensor, there is often only a partial overlap between
the template and query fingerprint images. This problem becomes more severe
in the case of small solid-state sensors that are increasingly popular. Further-
more the fingerprint image quality is also affected by several factors such as the
presence of scars, variations of the pressure between the finger and acquisition
sensor, worn artifacts, and the environmental conditions during the acquisition
process. Poor quality image affects the extraction of minutiae.

Another class of matching approaches are correlation-based using other fea-
tures besides minutia points such as features from ridge orientations, phase-
based features from Fourier transforms or statistic features from local intensity
variations[9,10]. These additional features provide more discriminative informa-
tion. Matching these new features requires fingerprint registration[11]. But such
alignments can only be obtained using other key features such as core points[9] or
minutiae[11], which may be elusive. Typically, minutiae-based methods perform
better than correlation-based ones.

In this paper, we propose a novel fingerprint representation that combines
information from each extracted minutia with detected ridges in its neighbor-
hood. The proposed algorithm first enhances a fingerprint image to generate a
binary fingerprint image. Then instead of using thinning-based algorithms, the
ridges are extracted using a chaincode scheme, which retains the ridges along
with their original thickness and precise local orientations. The minutia points
are detected by tracing the ridge lines. Finally, the enriched local structural fea-
tures are built for each minutia by a circular coding using the ridge lines around
the minutia. The new features are translation and rotational invariant. Each fea-
ture vector represents a minutia and its neighboring ridge structures. Matching
of two fingerprints is by calculating the Euclidean distances between pairs of
corresponding feature vectors.

The key aspects of our proposed representation are that the enriched minutiae
features have stronger discriminative power and they can be used independently
in matching fingerprints. The minutia and non-minutiae information extracted
from the surrounding ridges are used together in building correspondences be-
tween fingerprints. In contrast to the minutia-based approaches[4,5,6,7,8], match-
ing using the proposed representation requires fewer minutiae and therefore more
practical with small images or partial images with small overlap areas. The
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proposed representation for one minutia is independent of that for any other
minutia detected in the fingerprint hence it is more tolerant of erroneous out-
comes of the minutia detection algorithm such as missing and spurious minutiae.
The idea is about using rich local characterization for shape representation in
order to reduce the complexity of feature correspondence and matching prob-
lems. The translation and rotation invariant properties also make the matching
algorithm efficient.

Closely related to our approach is the work of Qi et al.[12] and Tico et al.[13]
Both use a sampling scheme to choose sample points in a circular neighborhood
around a minutia and they record ridge orientations at the sample points. The
feature vector is then constructed by the differences between the orientations
at the samples points and the orientation of the center minutia. The sampling
scheme employed by Qi et al. chooses sample points along three 120◦ ray lines
starting from a center minutia point. The sampling points in the work of Tico
et al. are taken from a group of concentric circles. The distance between two
points on the same circle is fixed. Minutiae extraction and ridge orientation field
computation in both papers are thinning based and rely on an enhanced binary
fingerprint image. Our minutia extraction is based on chaincode contours. The
non-minutia features are extracted from the detected ridge lines which provide
more reliable information than what can be obtained from the rough orientation
field. For extracting ridge features, we apply a spiral tessellation scheme, which
divides a neighborhood region around a minutia into sectors. Within each sector,
ridge information is collected, which provides information that is more reliable
than that collected from a number of random sampling points.

The circular tessellation is used in Jain’s work[9] on reference points such as sin-
gular points to collect global features. Our spiral tessellation is constructed using
an Archimedes’ spiral centered at a minutia point. The spiral starts from the minu-
tia’s orientation direction. A number of ray lines starting from the center minutia
point together with the spiral partition the neighborhood area of the minutia into
sectors. The spiral tessellation is the key of our method, which makes the construc-
tion of translation and rotation invariant feature vectors possible.

The rest of the paper is organized as follows. Section 2 describes the minutia
extraction algorithm used in our experiments. The definition of the proposed
hybrid local structure and the matching algorithm are presented in section 3.
The experiment is presented in section 4. Finally, section 5 summarizes our work
and provides pointers for future work along this direction.

2 Chaincode-Based Image Enhancement and Minutia
Extraction

2.1 Fingerprint Image Enhancement by Directional Filters

An ideally sensed or scanned fingerprint image has clear and distinct ridges and
valleys. For example, an ideal fingerprint image could be a rolled ink impression
on a fingerprint card. The finger skin profile made of the ridges is evenly pressed
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on the flat paper card, which leaves the ink impression of ridges as continuous
flow of foreground passes, and in between the ridges are the valleys as back-
ground with white color. But in practice, the fingerprint scanning devices are far
from ideal. Even the NIST fingerprint images scanned from the inked fingerprint
cards are not perfect. An image quality improvement algorithm is almost always
needed. Our earlier work[14] employed a chaincode based approach in computing
the ridge orientation field efficiently. The algorithm combines both the binary
and the gray-scale image enhancement methods. A locally adaptive algorithm is
used to obtain a binary fingerprint image of sufficient quality. The local direc-
tion field is estimated using a fast chaincode-base algorithm and a 15×15 mask,
followed by applying an elliptically shaped filter[15] with its major axis aligned
parallel to the local ridge direction. This increases the connectivity along the
ridge direction.

2.2 Minutiae Extraction Using Chaincode

Most fingerprint minutia extraction methods are thinning-based where the skele-
tonisation process converts each ridge to one pixel wide. Minutia points are de-
tected by locating the end points and bifurcation points on the thinned ridge
skeleton based on the number of neighboring pixels.

Our chaincode based method is obtained by scanning the image from top
to bottom and right to left. The transitions from white (background) to black
(foreground) are detected. The contour is then traced counterclockwise and ex-
pressed as an array of contour elements. Each contour element represents a pixel
on the contour. It contains fields for the x,y coordinates of the pixel, the slope
or direction of the contour into the pixel, and auxiliary information such as
curvature.

In a binary fingerprint image, ridge lines are more than one pixel wide. Trac-
ing a ridge line along its boundary in counterclockwise direction, a termination
minutia (ridge ending) is detected when the trace makes a significant left turn.
Similarly, a bifurcation minutia (a fork) is detected when the trace makes a
significant right turn[14].

The chaincode based algorithm extract minutiae and ridge lines much more
reliably. The integrity of the ridge lines is preserved with respect to their loca-
tions and thickness. Figure 1 shows an example of minutia and ridge line result.

3 Definition of the Proposed Hybrid Local Structure

Regarding a shape as a discrete set of sample contour points, which propose a
representation scheme that comprises of a coarse distribution of the shape with
respect to each point. Since the contour sample points can be chosen in any
number, one can always pick enough points in order to accurately represent the
underlying shape. In contrast, the minutia points of a fingerprint capture only a
very limited amount of information from the rich information content present in
the fingerprint pattern. Consequently, a representation of the fingerprint pattern
with respect to each minutia detail must employ non-minutia information like



Robust Fingerprint Matching Using Spiral Partitioning Scheme 651

(a) (b) (c)

Fig. 1. Sample result showing fingerprint minutia and ridge line extractions

brightness, ridge orientation, transform features, etc. In this work,we investigate
the use of orientation information for minutia representation in the context of
the fingerprint pattern.

3.1 Compute the Correlation Position for a Minutia

We use an Archimedes’ spiral centered at a minutia point, which is started from
the minutia’s orientation direction. Assume the angle between the orientation
direction and the horizontal direction is θ0. Then the polar equation of the
Archimedes’ spiral is

ρ = a(θ − θ0).

A number of ray lines starting from the center minutia point together with
the spiral curve partition the neighborhood of the point. We draw N ray lines
that evenly divide the range of 0 to 2π, which give us N sectors in each turn
of the spiral (Figure 2). Since the first full turn covers the smallest area near
the center, we start collecting features from the sectors starting from the second
turn. The indices of the feature vector are arranged corresponding to the sectors
along the spiral turning counter-clock-wise outward (Figure 3).

In the neighborhood of a center minutia covered by the spiral tessellation, if
any other minutia point is included in a sector, the minutia contributes to the
feature vector a strong correlation feature. The minutia information such as its
location, orientation and type are added to the structure of the corresponding
feature entry. Instead of searching every pixel in a sector for possible minutia
points, we go with a more efficient approach to incorporating the surrounding
minutiae in the feature vector.

For each such minutia point we compute its feature index that indicates which
sector the minutia point belongs to. Assume that the current central minutia
point is at Pc = (x, y) and its orientation is represented by a vector vc = (X, Y )
(Figure 3). For a minutia point at Pm = (xm, ym), we compute a vector from Pc

to Pm as vm = (Xm, Ym), where Xm = xm − x and Ym = ym − y. To determine
the angle θm between vc and vm, we first compute

β = arccos
(

vc · vm

|vc||vm|
)

= arccos

(
XXm + Y Ym√

X2 + Y 2
√

X2
m + Y 2

m

)
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Fig. 2. Spiral tessellation around a minita point

and
D = XYm − Y Xm.

Then the angle θm ∈ [0, 2π) is

θm =
{

β if D ≥ 0,
2π − β if D < 0.

If the distance between Pm and Pc is d =
√

(xm − x)2 + (ym − y)2, and the
successive turnings of the spiral have a constant separation distance of 2aπ,
then the index of the feature vector corresponding to the sector that Pm belongs
to is

index =
⌊

d − aθm

2aπ

⌋
N +

⌈
θm

Δθ

⌉
,

where Δθ = 2π
N . If we call the spiral the circular boundary of the sectors, and

the sector including Pm is Sm, then the first term is the index of the turn that
makes the insider circular boundary of Sm. The second term is the angular index
indicating which sector in the turn Pm is in. We use the ceiling instead of floor
in the second term because our regular indexing starts from 1. The first feature
entry indexed at 0 is from the entire inner area inside the first turn. Therefore
around each minutia a feature vector is constructed which includes a list of
indexed feature entries extracted from the above sectors. Since the features are
calculated with respect to the center minutia, the features are rotation invariant.

3.2 Add Local Orientation Features

An orientation field is calculated for the fingerprint image before the construc-
tions of each feature vector. When a feature vector is constructed around a center
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Fig. 3. Feature vector indexing arrangement and relative angle from a center minutia
to another minutia point with respect to the direction of the center minutia

minutia, an average orientation direction in each sector of the spiral tessellation
is calculated using the orientation field. The difference of the average orientation
direction and the direction of the center minutia is the relative orientation of the
sector, which is saved as one feature for the sector in the feature vector.

3.3 Matching Two Structure Feature Vectors

A Match of two fingerprints is by finding the best match of feature vectors of
one fingerprint with those of the other fingerprint. Because the proposed feature
vector construction is based on a spiral tessellation, a match between a pair
feature vectors can be done by simply matching the features in the corresponding
entries, which eliminates the need of an alignment between the two fingerprints.
For each feature entry, the matching score is calculated from the matchings in
the corresponding sector. The score is a weighted sum of the following values: (1)
the number matched minutiae of same type over the total number of minutiae
in the sector, (2) the difference between the orientations, and (3) overlapping
sectors for common areas between two fingerprints.

4 Experiment and Results

Our algorithm has been implemented and tested primarily on the DB1 finger-
print databases of FVC2002 [16]. The DB1 database contains 110 different fingers
and 8 impressions of each finger yielding a total of 880 fingerprints (388 pixels
374 pixels) at 500 dots per inch. The database has two different sets: A and
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B. Set A contains the fingerprint images from the first 100 fingers, while Set B
has the images from the other 10 fingers. We use Set B of each database as our
training set for matching parameters and then we perform the experiment on
the fingerprints of Set A. We followed the protocols of FVC2002 [16] to evaluate
the FAR (False Accept Rate) and FRR (False Reject Rate) of our system. For
FRR, the total number of genuine tests (with no rejection) is (87)/2100=2800.
For FAR, the total number of false acceptance tests (with no rejection) is (100
x 99)/2 = 4950.

The experiment is meant for showing the effectiveness of the new feature for
fingerprint matching. We have achieved a 1.94% EER which is better than the
result presented in [8] (2.13%) and the NIST result presented in [17] (3.35%).

5 Conclusion

We present a novel fingerprint matching algorithm based on hybrid local struc-
tural similarity. The local structural features are built around a detected minutia
by combining the minutia information together with the local ridge orientation
information. A feature structure is then constructed by sampling the minutiae
and local ridge orientations using a spiral partition scheme. The new features
are translation and rotational invariant. Each feature vector represents a minu-
tia and its neighboring ridge structures. Matching of two fingerprints is done
by calculating the distances between each pair of corresponding feature vectors
from the two fingerprints. The final matching score is converted from the scores
of the best matching pairs. We presented an experimental evaluation of the pro-
posed approach and showed that the proposed feature structure is effective and
it exceeds the performance of the earlier matching algorithms.
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