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ABSTRACT

The paper presents prototypes of ultrasonic sensors for fingerprint pattern recognition. Their principle of operation is
based on the amplitude measurements taken in selected points of acoustic field of ultrasonic wave diffracted from subsurface
finger structure. Examples of sensor construction and measured data are presented. Fingerprint structure recognition from

rpulse echo shows the possible use of the sensor as a synthetic aperture microscope.

1. INTRODUCTION

Wherever it is necessary to check if a person is authorized to use a service, open a compartment or a car, start a machine
or device, to get access to confidential data bank, there is obvious the need for a system enabling identification of the person.
How indispensable are these systems is evidenced in the fact that only in 1993 banks lost more than three billions dollars
due to credit cards forgery!. : :

It is widely known that fingerprints of different people are different and from some age on remain unchanged®. Therefore,
due to achievements of dactyloscopy, criminologists are able to uniquely ascertain a culprit basing on fingerprints left on the
place of crime. So far, optical sensors for recognition of fingers® and palm of the hand (as well as the eyeground)* have been
exploited in practice. However, they have not been used widely. Their basic drawbacks are: high cost of production and
operation, great amount of data to analyse and store, as well as high degree of deceptiveness (they can react to a dummy),
and, in case of a finger or the palm of a hand, this method is not dirtproof 5.

Diffraction picture of a finger surface, due to locally periodic structure of fingerprint lines, is simpler to analyse than that
obtained in direct representation. An analysis of optical diffraction picture of a finger surface is practically impossible
because of insignificant diffraction angle of a light wave since its wavelength is very small if compared to the distance
between particular fingerprint ridges. On the other hand, acoustic waves of ultrasonic range propagating in a solid or liquid
may have length comparable with dimensions of the fingerprint lines structure. The angle of diffraction of this wave may be
greater and distribution analysis of the diffraction acoustic field becomes possible. Acoustic waves are subjected to
diffraction not only on the subsurface finger structure but also on deeper skin layers®. It may be expected that due to
uniqueness of skin structure and its specific physical features”® preparation of an artificial finger would be very complicated

and expensive.

It appears that replacing light waves by acoustic waves and analyzing the diffraction picture instead of the direct one
seems to be reasonable on the ground of presented above reasons.

2. THEORETICAL BASIS

The description of phenomena associated with diffraction of ultrasonic waves is analogous to that applied to the theory of
optical holography. The description to follow is simplified but sufficient to understand how an acoustic sensor for fingerprint

recognition works.



A planar acoustic wave propagating in a homogeneous, elastic medium is described by the function:

¥(x,y,z,t) = ad ™" )
where ¥ means the disturbance of the medium in the point 7 = [x,y,z] in the moment ¢, @ is the (circular) frequency, k is
the wave vector of a wave with length A and amplitude a:
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The vector k is perpendicular to the front of wave (1). This wave splits into a series of plane waves when it falls on a two-
dimensional diffraction grating placed in the plane xy described by:

T(x,y)=Acos(f-r_)=Acos(K,x+Kyy) 3)

% is the wave vector of the diffraction grating of the constant /1 and amplitude A4:
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The coordinates of the wave vectors of splitted series plane waves are as follows:

k, =k, +nk,

ky = ky +nk, n = =1 (order of diffraction) )

k,=mk* -k} k] m = =1 (“=” for reflected wave)

The amplitudes of diffracted waves are proportional to grating amplitude. In a case of objects more complicated than
described by f(x,y) (e.g. fingerprint lines) it is possible to treat them as a superposition of many diffraction gratings with
different vectors K. The amplitude A(Ky , Ky) of each component can be obtained using two-dimensional Fourier transform:
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From equations (5) and (6) we see
that the amplitude distribution of
diffraction field for an object f{x.p) is
described by its Fourier transform.
The correspondence between the
object and its Fourier transform is
one to one (Fig. 1). Hence, it may be
concluded that the distribution of x
diffracted acoustic field represent
unequivocally the pattern of finger @ ®
surface on which the diffraction

occurred.

Fig.1. Correspondence between the object (a) and its Fourier transform (b).

3. ULTRASONIC DETECTION METHODS OF FINGERPRINT DIFFRACTION SPECTRUM

The finger surface with a pattern of fingerprint lines may be treated as a complicated reflecting diffraction grating.
Complexity of this grating results from:

— curvature of fingerprint lines

— variation of direction and density of these lines

— natural ability of elastic structure distortion

— multilayer structure (besides the echo from surface a reflection from deeper layers is observed)



In all of the experimental systems built by the authors till now, the finger tip was applied to a solid window (plexiglass,
glass) mounted on a vessel filled with water, in which sending and receiving ultrasonic transducer are placed.

3.1. Relationships between basic physical parameters

(a) K(n=-1,m=-1) (b)

The distance between fingerprint lines vary within the
range 0.25 - 0.75 mm. For further considerations we will »
take an average value of d = 0.5 mm, hence [K| = 27/0.5 (n=1,m=-1)
~12.5 mm™'. A wave with length A falling on the \
diffraction gratfor ing deflects with the angle described —_—T k }\\
by equation (5). Considering diffraction in the plane N e e R e
perpendicular to the fingerprint lines (Fig. 2) we obtain: Kin=0, m=-1)§ (=0, m=-1

o
— for transmitter located on axis (ky = 0) (Fig. 2a)
. \ —_ X
k.=K_, sina =k, /|k| = 2/d

— for sending-receiving transducer located at one side K - " -

(Fig. 2b) kx’ = -kx ; substituting into (5) we get (n=1,m=-1) z Kn=-1,m=-1)
-k, =k, + K., sing=k, Ik | =Al2d Fig. 2. Schematic picture of diffraction in two interesting cases.

Further in this paper, the systems with the central sending transducer will be referred to as the systems of type A, while
the systems with movable sending-receiving transducer will be referred to as type B.The detection of diffraction maxima for
various grating constants d is obtained by changing of the location of receiver or changing the ultrasonic waves frequency.
For type A systems the following values are accepted: average angle of receiver inclination &= 30, A=0.25 mm what
corresponds to the frequency v = 6 MHz. For type B systems P~15 A=0.25mm, and v =6 MHz.

3.2. System for scanning over sphere (type B)

Figure 4 shows a scheme of the system for scanning over sphere. It is a successor of a system scanning over plane, created
carlier. A small plexiglass window O, to which finger is applied, is located at the origin of coordinate system X7Y. Sending-
receiving piezoelectric transducer moves over sphere with radius R, which centre of curvature agree with the coordinate
system origin. The transducer has two degrees of freedom. It may be deflected angularly relative to the axes @] , @7 , which
coincide with the axes x.y, respectively. The angular range of transducer deflections is +45° and the angulér resolving
power is 0.036°. The whole distribution of acoustic field is measured at one frequency V. Correct diffraction pictures of
fingerprint structure were obtained for planar transducers with large diameter and plane finger window, as well as for point
transducers and spherical finger window (with radius of curvature R'=-R). In the last case the finger was applied to the
convex surface of window. In spite of obtained good quality of diffraction picture it is hard to expect that this system would
find wide application because of long time of acoustic field scanning and complicated mechanics. Additionally, this system
is sensitive to the orientation of fingertip application since the system does not assure rotational symmetry. Fig. 4(a) and 5(b)
show examples of diffraction field distribution measured by this system.



Fig. 3. System for scanning over sphere.
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Fig. 4. Measured diffraction patterns of: (a) grid with line distans of 1mm, (b) fingerprint.

3.3. Scanning over circle system (type B)

From the analysis of diffraction pictures of different fingerprints taken with the previous (Fig.4b) system it appears that
most information about the subsurface finger structure is comprised in relatively small area of ring shape with width Ar,
surrounding a circle with radius » (Fig. 5a). Since the diameter of this circle depends on the geometry of measurement
system and on frequency v, an aperture coefficient g was introduced, normalizing this dimensions to the size of diffraction
picture in space of vector K.
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