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Abstract— This paper proposes a robust method for di- Finally, Section IV concludes the paper.
rectional field estimation from fingerprint images that com-
bines estimates at multiple scales. The method is able to 1. MULTI-SCALE DIRECTIONAL FIELD ESTIMATION
provide accurate estimates in scratchy regions, while at the
same time maintaining correct estimates around singular A. Problem analysis

points. Compared to other methods, the penalty for detect- . . . . .
ing false singular points is much smaller, because this does Reported methods for estimating the directional field [1]

not deteriorate the directional field estimate. have the disadvantage that they are sensitive to distortions
Keywords— Biometrics, fingerprint recognition, direc- of th? fingerprint image.such as, noise a”‘_’ scr.atche.s. A
tional field estimation, multi-scale analysis. solution to this problem is to enhance the directional field
by means of low-pass filtering, which can also be inter-
preted as a reduction of its scale. This solution, however,
distorts those areas where relatively large directional field
The directional field is a representation of the globalariations are actually present in the fingerprint. As an ef-
shape of a fingerprint, describing the local directions dect, the directional-field estimates in the areas around the
the ridge lines. It is important in several aspects of fingesingular points are not reliable, while these are generally
print recognition. It can for instance be used as input faronsidered as the most important areas in a fingerprint. As
enhancement of the fingerprint, or it can directly be usealconsequence, it is not even possible to estimate the loca-
as a feature vector for recognition. For both applicationsipn of cores and deltas accurately.
an accurate estimate of the directional field is required.  Figure 1 shows traditional directional field estimates for
Reported methods for estimating the directional field [14 fingerprint that contains a number of heavy scratches.
have the disadvantage that they are sensitive to distortiofise leftmost figure shows the entire fingerprint, while
of the fingerprint image such as, noise and scratches. the middle and rightmost fingers show relevant details.
solution to this problem is to enhance the directional fielfhe upper row uses a Gaussian window with= 5 for
by means of low-pass filtering, which can also be intesmoothing. It can be seen that the estimate is accurate in
preted as a reduction of its scale. This solution, howevenost of the fingerprint, including the region around the
distorts those areas where relatively large directional fielebre, but it follows the directions of the scratches. Fur-
variations are actually present in the fingerprint. As an ethermore, it is noisy in low-quality areas (not shown in
fect, the directional-field estimates in the areas around thiee figure). The bottom row shows the directional field
singular points are not reliable, while these are generalgstimates that are filtered with a Gaussian window with
considered as the most important areas in a fingerprint. ¢ = 20. This estimate does not follow the orientations of
The method proposed in this contribution does not haweratches, but it is not accurate in the region near the core.
these disadvantages. Starting point is a first, possibly noisore specifically, the core tends to shift upwards when
estimate of the directional field. This is used as input tstronger smoothing is applied.
a multi-scale method that adapts the filtering to the local In the model of an ideal core (see [1]), smoothing would
curvature of the directional field. The paper describes thmt cause displacements of a core. However, a real core
method in detail and demonstrates that it is capable of reiffers slightly form the core model. In the area below
covering the directional field around scratches while mainkhe core, the ridge lines are in general parallel instead
taining the locations of core and delta. of slightly diverging (except in a some tented arches and
This paper is organized as follows. First, Section Ipocketed loops). Due to this structure, the parallel ridge
gives an in-depth analysis of the problem and describesientation that is found below the core is more promi-
our new multi-scale approach to directional field estimaaently present in the area around the core. Therefore, this
tion. Next, Section Il gives some results of the methodwill be the average direction in the smoothed directional

I. INTRODUCTION
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Fig. 1. Directional field estimates fer = 5 (top) ands = 20 (bottom).

does not give an accurate estimate around singular points.
Several alternative methods to compensate for scratches in
the directional field are known from literature. This sec-
tion summarizes a few of them, and explains why these
methods do not provide satisfactory results.

« Polynomial fit. This method fits a polynomial of rel-
atively low degree to the estimated directional field (see
e.g. [2]). It turns out that this method provides the same
type of results (positive and negative) as Gaussian smooth-
ing. Additionally, it introduces numerical stability prob-
| lems into directional field estimation that did not exist
L without polynomial fitting.
« B-spline model. This method fits a B-spline model,
Fig. 2. Trajectory of a core for increasing valuessof which is a piecewise polynomial model, to the directional
field estimate. But again, this provides the same results as
, , " Gaussian smoothing.
field, which causes the posmon of thg core FO MOVE UB- gherlock and Monro model [3]. This method fits a pole-
w_ard. An e).(ample .Of this upward trajectory is shown " ero model to the directional field. It has two drawbacks.
Figure 2 for increasing vglueg ot o First, the positions of the singular points have to be known
The method proposed m_thls C(_)ntrlbut!on does pot haYﬁ advance, while accurate detection is one of the purposes
these disadvantages. Starting pointis afirst, possibly rlo'&’finding a robust directional field estimate. Second, it

estimate of the directional field. This is used as input tQ generally known that this Sherlock and Monro model is

a multi-scale method that adapts the filtering to the Iocﬂlot able to provide an accurate approximation to the direc-

curvature of the directional field. The paper describes t'?%nal field of a real fingerprint

method in detail and demonstrates that it is capable of "€ Vizcaya and Gerhardt model [4]. This method fits a non-
‘39"‘?””9 the dirgctional field around scratches while mairg, o pole-zero model to the directional field. However
taining the locations of core and delta. this model also has some drawbacks. The positions of the
singular points have to be known in advance, it still cannot
model all directional field that are encountered in practice,

As explained in the previous section, smoothing may bend no efficient algorithm to fit the non-linear parameters
able to reconstruct the directional field in scratches, butig known.

B. Alternative methods
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« Zhou and Gu model [5]. This method is another imscales are suppressed. At= 20, the directional field at
provement upon the Sherlock and Monro model. In thiscratches is reconstructed sufficiently.
approach, a first model is made by modelling the singular One could follow two basic approaches for combining
points by a pole-zero model. The model is refined by fitestimates of multiple scales. The first is to use the small-
ting a low-degree polynomial model to the remaining difscale model, except where a large-scale model is needed.
ferences. The main drawback of this method is that thEhe second is to use a large-scale model, except where a
singular points have to be known in advance. small-scale model is needed. In the largest part of the fin-
« Gu, Zhou, and Zhang model [2]. This method is anothegerprint both models are accurate. Around singular points,
improvement upon the Sherlock and Monro model. It ag small-scale model is needed, and around scratches, a
plies a low-degree polynomial model to approximate thiarge-scale model is needed. Since it is much easier to
global directional field globally. At each singular point,reliably detect singular points than is is to detect scratches,
a point-charge (i.e. pole-zero) model is used to descrilwee choose the second approach: use a large-scale model,
the local region. Then, these two models are combinexkcept at areas around singular points.
smoothly together through a weighting function. The main We propose two methods to find the singular point re-
drawback of this method is again that the singular pointsions, where a small-scale model has to be used.
have to be known in advance. 1. The first approach to find the singular point regions is
A conclusion from this survey is that the known methto use a standard singular point detection algorithm (see
ods for directional field enhancement do suffer from one @.g. [1]) at a range of scales between= 5 ando =
both of two problems. First, they do not provide more ac30. This method detects the trajectories of the singular
curate results than Gaussian smoothing, which means tpaints, thus discarding false singular points in the smaller
they do not contribute to solving the problem. Second, trexale estimate. Next, morphology is used to define an area
locations of the singular points have to be known in adaround the trajectories in which the small-scale estimate
vance. If these are not known accurately, the resulting ds selected. In the remainder of the fingerprint, the large-
rectional field is completely wrong, while accurate detecscale estimate is selected.
tion of those locations is one of the purposes of a more a2- For this specific purpose one could also follow an al-
curate directional field estimate. Furthermore, these metiernative approach that uses the coherence. The standard
ods may not be able to accurately represent all genuineherenceCy measures the consistency of the gray-scale

directional fields. gradients in a local area in the fingerprint image. Ad-
ditionally, one could also define an alternative coherence
C. Proposed method measureéCpr ,
The main reason that a pole-zero model has to be used 'S, SDA
to approximate directional fields in [2], [5] instead of a Cpor= -=W=—"—_ (1)
smooth polynomial model, is their representation for the 2w ISDH

directional field, which is a unit-length complex numbethat measures the consistency of the directional field esti-
array. This causes discontinuities around singular pointsate after smoothing in a local area. In this expression,
that cannot be modelled by polynomials. By modifying th&DF is the representation of the squared directional field
representation such that the length of the complex numbdxg a complex number. Figure 3 shows image£gfand
is given by the coherendgy (see [1]), the discontinuities Cpr with o = 20.
are removed, and modelling has become easier. The figure shows thapr is low where the smoothed di-
Instead of defining a new directional field model, weectional field is discontinuous, i.e. at the singular point
propose to combine standard directional field estimateslatations. ThereforeCpr can be used as a basis for com-
different scales, i.e. using different values offor the bining directional field estimates of different scales. Since
Gaussian smoothing filter. The questions to be answer€gr takes only low values at the positions of the singu-
are: which scales should be chosen, and how to combilaities in the large-scale estimate, and these positions are
estimates at those scales. displaced from their true locations, small-scale estimates
Experiments show that the selected scales are not vdrgve to be used in a region around I8¢ positions. This
critical. Two scales are selected based on the followirig achieved by morphological operations. This approach
observations. At scale = 5, the singular points are dis- can also be formulated in other words: where smoothing
placed less than one ridge-valley structure, which is aploes not help to remove inconsistencies from the direc-
proximately the most accurate estimation that a human eienal field, it is better to use the small-scale estimate in-
pert can make, while most false singular points from lowestead.
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(a) Fingerprint (b) Cqg (c) Cpr

Fig. 3. Coherence of the gradienGyj and coherence of the directional fieldyF) for o = 20.
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Fig. 4. Directional field estimates for multi-scale approach.

[1l. RESULTS perform a complete functional evaluation of the algorithm,

i.e. to include the proposed method into a full fingerprint

The result for selected scales= 5 ando = 20 are . prop . gerp
. . . r&cogmtlon system, and to determine performance of the

shown in Figure 4. The figure shows that the combined .. " A . )

. . . . . . entire recognition chain with and without using the pro-

multi-scale directional field estimate is able to provide ac-

. . . : osed method.
curate estimates in the areas around singular points, whrﬂe
it is also able to discard inaccuracies due to scratches. ACKNOWLEDGEMENT
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