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Abstract

A technique for the me:hine detection of the core and
delta points in a fingerprint Image Is presented here. The
core and delta points are used as polints of re 3ist-ation | 1
fingerprint matching. The method makes use of the struc-
tural information derived from the histograms of the direc-
tional image of the fingerprint. The directional image Is
obtained by taking the dominant direction In each sub-
block of the Image. To detect the coordinates of the points
In the Image space, an Intelligent tracking Is carried out
using the thinned image. The usage of the histograms al-
lows for a high degree of nolse tolerance.

Introduction

Any automatic fingerprint identification system's effective-
ness is determined from the accuracy with which the system
matches the search prints with the file prints. To perform match-
ing, certain ridge characteristics, known as minutiae, are used.
The number of these minutiae is typically around 100. The
matching algorithms are based on point pattern matching {Qin-
ghan!"), CMC'?)} as compared o animage to image match. The
methods of point pattern matching become easier if the points
of registration are known. These points, in forensic parlance,
are called the core and delta points.

To aid in archiving as well as to cut down the search in the
database, fingerprints have been classified into five major clas-
ses, namely the loops- left, right and double, whorls and arches
(Fig. 1 ). In all these pattern classes, except the arches, the
core and delta points have been defined. Nevertheless, in prints
fromthe scene of crime, where only partial prints are available,
it would still be necessary to have algorithms that match without
the points of registration being available.

Methods for the automatic detection of these poirnﬁau‘s‘j’?g
syntactic tﬁ{ee grammars have been reporied by Rao'™ ™~ .
Kawagoe' 'uses an approach which is a mix of a relaxation
method (for noise reduction) and a pruning based on the neigh-
bours. These methods rely on the accuracy of the immediate
neighbourhood information. Inreal life cases where prints could
be noisy ( due to smudging, over-inking, excessive pressure
while fingerprinting ), such methods would cause local minima
to be detected (noisy points locally having the same charac-
teristics as that of the singular points ).

The approach proposed here makes use of the directional
histograms in neighbourhoods around these points, thus
averaging the effect of any noise points present.

Notatlons and Definltions

Inthe following sections, the gray level image of a fingerprint
is referred 1o by G ( of size gxg). Operations are performed on
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Fig. 1. Some fingerprint pattern classes
(a)Left loop (b)Right loop (c)Double loop (d)Whorls (e)Arches (f)Print from
the scene of crime

the directional histogram formed from the directional image D.
The direction at each pixel of D represents the local orientation
of the ridge at 1“311?ixel. The direction D(i,j) at pixel (i,j) in an
image { Mehtre''>-'")} is the direction d for which Sg, the sum
of differences in gray values along a direction d is a minimum.
The sum of differences Sq is defined as

L

Sd = Zgu | Glimjm) - G(i,j) [ford = 1,N

where G(i,j) and G(im jm) are the gray values at the pixels (i j)
and (im jm). The pixel corresponding to (im jm) is the m™ pixel
along the direction d from (i,j), M being the number of pixels
chosen for this computation and N the number of directions
used (direction d corresponds to an angle of TUN"[d-1]
radians). A block directional image B (of size bxb ) is obtained
by finding the dominant direction in each block ( g/b x g/b ) of
the directional image D. In our case, we have used N=8, b=16
and gu512

The core and delta points can be defined for all fingerprint
pattem classes except arches, more specifically, a single core
point and one or two delta points. The fingerprint images can
be essentially considered to be two valued images made of
nuges avd valieys. Gver and avove e vinary nature of the
fingerprints, these images can also be characterised by the
direction of the ridge flow.



The registration point Is termed a

[a] Core point i It is the topmost point on the innermost
recurving ridge.

[b] Delta point i it is a point in a dela-like region lying on
ridges which extend 1o encompass the complete pattern area.

The directional histogram is computed from the frequency of
each direction in a neighbourhood (nxn). The histogram H is an
B-tuple { H(0) .... H(7)) where H(j) is the frequency of direction
jinthe neighbourhood defined. W is a set of weights (wo .... w7)
where wj is an 8-uple {wj(0) ... wj(7)) such that w; (i) is maxi-
mum when j = i.

A directional histogram is said 1o be

[a] Left skewed if directions less than or equal o 90 degrees
are predominam.

[b] Right skewed if directions greater than or equal to 90
degrees are predominant.

[c] Edge skewed if the directions not in the range of 45
degrees to 135 degrees are predominant.

A core point then by definition should have the histogram,
of it's left neighbourhood left skewed and the right , right
skewed. Further for a delta point, the histogram of the bottom
neighbourhood should be edge skewed.

Detection of core and delta points

Since the block directional image B exhibits the same
characteristics as that of the original high resolution image, the
singular points can be detected to block accuracy from the
same.

Selection

The initial set of probable candidates for the core and defta
points are determined using :

[i] Core points CP : All points exhibiting a directional dit-
ference greater than ki ( k1 = 2 i.e. 45 degrees) in the im-
mediate neighbourhood. In other words d {B(i,j) - B(i-1,j) } >=
k1 where d is the modulo 8 operator.

[il] Detta points DP : Points with neighbourhoods of the form

x B(i.j) x
B(i-1,j+1) x B(i+1,j+1)
where B(i-1,j+1) <= B(i,j)
< B(i+1,j+1) or B(i-1,j+1) < B(i) <= B(i+1,j+1), B(i-1,j+1) <=
k2 and B(i+1,j+1) >= k2 (k2 = 4 i.e. 90 degrees since we have
used N =8).

Pruning

For each of the delta points DP k (i.j), for an nz1xng1 (n21=5)
neighbourhood around the point, form directional histograms
Hz1, Hz2 and Hza of regions Ry,Rz2 and Ra (Fig. 2 ) respective-
ly. By definition, the histograms of region R1 should be left
skewed, Rz should be edge skewed and Ra should be right
skewed.

Ri Rz
Ri Ra

R2 Ra R4

Fig 2 Neighbourhuod wr oeltas Fig 3. Neighbourhood ior cores

Mark for deletion all points not satistying the following

criteria. 3 y
, P= D Hoi(k) >=ka, P>= I H2i(k) and
P>=X Hai(k) + )::?_,Hzﬂkl

Also for each of the core points CPk(i.j), for an n2zxn2z ( n22
=5) neighbourhood around the point, form a histogram Hz4.
This histogram should have the following property by defini-
tion,i.e. # should not have any predominant direction.

ot B

Max 12 ( Ha(k)) < ka where 12 ( H(K)) = Z;w.omess H(j)

Also, mark for deletion all core points in the nzaxn2a (n2a=3)
neighbourhood of the delta points DP.

Curvature typing

Core points typically exhibit a curvature which is either con-
vex ( loops - left, right and whorls) or concave (double loops).
Each of the core points CP detected so far is classified into one
of these types by forming nistograms Ha1, Haz, Haa and Has of
regions R1, Rz, Ra and R4 (Fig. 3 ) respectively (in a neighbour-
hood of naxna)

A point with convex curvature should have Hai left skewed
and Haz right skewed and those with concave curvature should
have Haa right skewed and Haa left skewed.

Curv ( CPk(i,j) ) =

convex if f3( Ha1, Haz) > fa( Has, Haa) and f3( Ha1, Haz) > ks

concave if fa( Ha1, Ha2)< 3 Ha3, Haa) and fa( Haa, Ha4) > ks

where {3 ( Ham, Han ) = ZjuWa ()Ham() + ;W (Hsn (i), a
and B being the required orientations for the corresponding
regions.

If a core point does not exhibit a clearly defined curvature,
that point is marked for deletion.

Clustering

All the core and delta points detected so far are clustered
(with a clustering algorithm such as k-means, for instance) by
using a weighted distance measure giving neighbourhood
boxes BCPjj=1,C and BDP |, j= 1,D where C and D are the
number of core and delta clusters respectively. BCP and BDP
are 4-tuples of the form (x,y,dx,dy). Further search for the core
and delta points can be restricted to these boxes.

Finding the axis of the pattern area

Once the clusters are determined, for each of the clusters of
the core points an axis Ak can be defined. This axis has a direct
correspondence with the orientation of the fingerprint pattern.
The axis a of Ak is determined from the histograms Hs « ,a=0,7
of neighbourhoods nsexmsq with orientation a around the
cluster centre (Fig. 4 ).

tsa{Hsa) > 5y (Hsy) Vo <>, 0 <= <=7, 0 <= p <= 7 and

7
fsu(H) =X,  wuli) H(i), wy being the set of weights for
orientation .
Core and Delta points
For all points in each of BCP and BDP respectively, points
having the maximum probability P of being the singular points
are determined.

Fig 4. Neighbourhood foraxis  Fig. 5. Neighbourhood for axis of a



For the delta points, the probability P is a function of the his-
tograms Hes1, He2 and Hea of regions Ry, Rz and Ra (Fig. 2)
respectively. =

P-églaﬁ(Hs]},whsre fop(H) = X owp (i) H(I) ,
P being the oriéntation for it's corresponding region and wp the
set of weights for orientation p .

Similarly for core points, this probability is a function of his-
tograms H71, H72, H7a and Hr4 of regions Ry, Rz, R3 and Ra
respectively for axis A (Fig. 5) for those points which have con-
vex curvatures. d v

P= I t7pHz where f7p(H) = I ws (i) H(i)

The reason for not considering the points with concave cur-
vature are that by definitior the core points are the topmost
points on the innnermost recurving ridge and the core points
ought to lie on ridges which are curving downwards.

Core and delta points in Gray level Image space

For each of the core points C(bx;,byi) detected from the
block directional image B, a search in the image space in an
area ( cxi,cyi,cdxi,cdyi ) is carried out, where cx; = (bx;-3)*(g/b),
cyi = (byi-3)*(g/b) and cdxi, cdyi are the search area widths. The

gray image is first thresholded in this area
and then thinned {Pavlidis'®’' }. On this
thinned image, each of the ridges are
traced to determine the highermost point.
The ridge should have a minimum length
MINLEN on both sides of the highermost
Fig 6 The regionpoint ( Fig 6). The ridge should also exhibit
around the core point. @ marked change in direction ( by defini-
tion, the ridge enclosing the core point cur-
ves upon itself). The lowermost of such
points detected is taken as the core point.

While tracking for a core point, when a bifurcation point is
encountered, the ridges are followed on both branches and the
longer branch is considered, in cases where the ridge being fol-
lowed is the root branch of the bifurcation. If the ridge being fol-
lowed happens to be one of the branches of the bifurcation,
then the ridge is traced in the direction of the root. The method
outlined here could also reject some areas if the areas do not
exhibil the required characteristics.

Algorithm : Search for core point

[i] Ininalise the core point to the top left comer of the search area.

[ii] Scan the thinned image TOP 1o BOTTOM, LEFT ro RIGHT

fiii] for sach non-zero pixel do |

[iv] intialize the highest point on the ridge as the first non-2ero pixel's coor-
dinate

[v] track the points to the RIGHT, determining the highest point and the
length of the left and nght branches from the high point

[vi] similarly, track the points to the LEFT

[vii] if the lengths of the branches exceed a minimum distance MINLEN and
the highermos! point is lower than the core point, then update the core point.}

For a delta point, the same procedure as was described is
repeated over a sub block directional image. The sub block
directional image is obtained by finding the characteristic direc-
tion of the ridges in smaller blocks than those of the block direc-
tional image. This was necessiated by the fact that often the
area around the delta is smudged and only the ridge flow can
be inferred from the ridge. The smaller block size is chosen
such that the delta point obtained from it is of the desired ac-
curacy.
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Results

The technique illustrated here has been found to work suc-
cesslully over a large number of test prints and the accuracy of
the points detecled was of a high degree. After the points were
detected roughly in the block directional image, a further track-
ing was carried out in the original gray image G to arrive al the
(x,y) coordinates of the points. Fig 8 shows a double loop pat-
tern ( which has points of both curvatures and two delta points)
and it's block directional image B. Fig 9 and 10 show the core
points after pruning and curvature typing. Fig 11 shows the
probable core and delta points after step 3.

The axis of the pattern area around the core points of both
types and the search areas are shown in Fig 12 and 13. The
core and delta points finally detected are marked in Fig 14
which correspond very well to those that a fingerprint exper
would identify.

Conclusion

The approach described here presents a technique 1o
automatically determine the core and delta points of a
fingerprint image. The usage of the histogram to determine the
structural features such as the core and delta points allows for
afairly high degree of noise tolerance. A procedure for the finer
tracking of the core and delta points in the areas detected from
the block directional image is also presented here. The method
described here has been found to work very well when tested
over a large number of fingerprint images. Further, the method
provides interesting cues for automatic pattern classification.
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Fig. 7 . Image of a double loop
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Fig. 14(a). The set of core points Fig. 14(b). The set of delta points
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