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Abstract

This paper proposes to characterize the fingerprint
orientation using a novel topological representation,
which transforms the orientation field into a map com-
posed of a set of geometric objects and analyzes the
properties of each geometric object based on two as-
sumptions: regional coherence assumption and convex-
ity assumption. Different from prior works on finger-
print orientation analysis, this approach has a capa-
bility to identify where the errors happen, not only the
“random errors” (which is assumed by local-filtering
and global modeling methods), but also the “structure
irregularities”, which often occur in real prints and im-
pose difficulty on existing techniques.

1. Introduction

To develop a reliable automatic fingerprint identifi-
cation system, a difficult problem is to accurately es-
timate features from poor quality fingerprints. In fin-
gerprint images, a frequently used feature is the orien-
tation field of the ridge flow. Precise estimation of the
orientation field would greatly improve the estimation
of singular points, fingerprint enhancement, fingerprint
alignment, thus advance the performance of the finger-
print system.

A lot of efforts have been focused on fingerprint ori-
entation reconstruction and many techniques have been
presented. For convenience, they are classified into the
two categories: local methods [1, 3, 4, 5, 7], which di-
rectly estimate the orientation as the gradient of image
intensity; and global methods [6, 9, 10, 11], which esti-
mate the orientation according to the global description
by phase portrait models. The common way to reduce
the noise in fingerprint images is to use a smoothing
technique, which could be the simple low-pass filtering
or the more complicated data fitting.

Most existing techniques are based on the “random-
ness” assumption of the noise. For any pixel in the

orientation field, both local and global methods tend to
recover “dominant” orientation using its neighborhood
orientations. Thus, if its neighborhood orientations are
trustworthy, these methods can suppress the “random
errors” and correctly estimate the “dominant” orienta-
tion. However, if its neighborhood orientations are not
trustworthy, in particular due to the presence of struc-
ture irregularities, either local methods or global ones
fail to correct such errors. The presence of structure
irregularities will bring the systematic error into the re-
constructed orientation field since it is strong enough to
be the “dominant” pattern in the region. Consequently,
errors happen when using current methods to correct
the “structure irregularity”. The concept is illustrated
in Fig. 1(a), where in the bottom of the fingerprint re-
gion exists a portion of undesired structure, which is
clearly not the part of the enrolled fingerprint. Fig. 1(b)
and 1(c) present the orientation field as estimated by
the gradient based methods and the Fourier series ex-
pansion method respectively, where the impact of the
structure irregularity is clearly visible.

(a) A sample image (b) By the gradient
based method

(c) by the Fourier ex-
pansion method

Figure 1. A sample fingerprint image with
structure irregularities in the bottom

In this paper, a more fundamental question would be
addressed: where are the errors (no matter random or
regular) in a fingerprint image? By knowing the pre-
cise position of the erratic fingerprint structure would
enable us to get a better knowledge of the acquired fin-
gerprint, which could be helpful for further inference
of the fingerprint quality and the true fingerprint struc-
ture, thus boost the reliability of fingerprint recognition.
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happen (see the bottom part in the first column image
and the middle part in the second column image). It
is noted from this example not only the importance of
correct estimation on orientation field to fingerprint en-
hancement but also the necessity of other information
for a more reliable enhancement.

Figure 4. Examples of enhanced results:
original images (Row 1), enhanced im-
ages by Chikkerur et al. [2] method (Row
2) and enhanced images by our proposed
method (Row 3)

The “random errors” always break the convexity as-
sumption as it is always surrounded by objects with cor-
rect orientations. Once the random errors are located, a
better filtering approach can be designed. The “struc-
ture irregularity” will break the orientation flow in a
large portion of fingerprint and it is very hard to say
which specified orientation is irregular from its neigh-
bouring orientation. Using the topological representa-
tion together with the regional coherence and convex-
ity assumptions, the “structure irregularity” can be lo-
cated as topological representation is able to describe
the orientation field in a global manner, which means
that from the topological representation we can roughly
know how the fingerprint ridges flow, and are able to
describe the orientation field based on convexity in a
region and continuity between neighbouring regions.

4. Conclusion

In this paper, we present a method to model the fin-
gerprint orientation based on the topological analysis
where the fingerprint orientation field is represented by
a set of geometric objects. Two useful assumptions are
proposed further to analyze the topological representa-
tion. One of the important contribution in our method is
that we can identify the “structure irregularities” in the
acquired fingerprint image, which is rarely addressed
by other researchers. Due to space limit more efforts
here are put on to explain how to recognize the errors
in fingerprint orientation field as it is so important when
non-random errors appear. In future more research will
be focused on how to improve the correction accuracy,
how fingerprint image quality can be inferenced based
on current findings and how the proposed method will
influence the fingerprint recognition.

References

[1] A. Bazen and S. Gerez. Systematic methods for the
computation of the directional fields and singular points
of fingerprints. IEEE T. PAMI, 24(7):905–919, July
2002.

[2] S. Chikkerur, C. Wu, and V. Govindaraju. A systematic
approach for feature extraction in fingerprint images. In
ICBA’04, pages 344–350, 2004.

[3] S. C. Dass. Markov random field models for directional
field and singularity extraction in fingerprint images.
IEEE T. Image Processing, 13:1358–1367, 2004.

[4] X. Jiang. On orientation and anisotropy estimation for
online fingerprint authentication. IEEE T. Singal Pro-
cessing, 53(10):4038– 4049, Oct. 2005.

[5] M. Kass and A. Witkin. Analyzing oriented pat-
terns. Computer Vision Graphics and Image Process-
ing, 37(3):362–385, 1987.

[6] J. Li, W. Yau, and H. Wang. Constrained nonlinear mod-
els of fingerprint orientations with prediction. Pattern
Recognition, 39(1):102–114, January 2006.

[7] D. Maio and D. Maltoni. Direct gray-scale minutiae
detection in fingerprints. IEEE T. PAMI, 19(1):27–40,
January 1997.

[8] FBI. The Science of Fingerprints: Classification and
Uses. U.S. Department of Justice, 1984.

[9] P. Vizcaya and L. Gerhardt. A nonlinear orientation
model for global description of fingerprints. Pattern
Recognition, 29(7):1221–1231, 1996.

[10] Y. Wang, J. Hu, and D. Phillips. A fingerprint orienta-
tion model based on 2d fourier expansion and its appli-
cation to singular point detection and fingerprint index-
ing. IEEE T. PAMI, 29:573–585, 2007.

[11] J. Zhou and J. Gu. Modeling orientation fields of finger-
prints with rational complex functions. Pattern Recog-
nition, 37(2):389–391, February 2004.


