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Research Title: Fingerprint Imaging by Using Digital Holography
Researcher: Prathan Buranasiri (Ph.D)

Faculty: Science Departmant: Physics

ABSTRACT

In this paper, we proposed the novel prototype of the portable fingerprint scanner. In this
method, the low coherence digital holography technique has been used to verify
fingerprints. In our experiment, the Michelson’s interferometer has been setup first for
determining the coherence length of a laser diode with wave length of 635 nm. In our
model, the light transmitted and reflected properties of the glass slide have been applied.
Then, the ¢lass slide has been used as beam splitter for separating the ligsht to two
beams, which are the reference beam and fingerprint image bearing beam. Moreover,
prism has been used to reflect fingerprint pattern. The results show fingerprint pattern,
which are reconstructed with numerical method. The holograms of two methods have

been comparing.

Keywords: digital holography, fingerprint, low coherence
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Fingerprint verification by using low coherence digital holography

S. Plaipichit*, P. Atta, P. Buranasiri, C. Ruttanapun, and P. Jindajitawat
Department of Physics, Faculty of Science, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand 10520

ABSTRACT

In this paper, we have proposed the novel prototype of the portable fingerprint scanner. Using this method, the low
coherence digital holography technique has been used to verify fingerprints. In our experiment, the Michelson’s
interferometer has been setup first for determining the coherence length of a laser diode with wave length of 635 nm. In
our model, the light transmission and reflection properties of the glass slide have been applied. Then, the glass slide has
been used as a beam splitter for separating the light to two beams, which are the reference beam and fingerprint image
bearing beam. The results show fingerprint pattern, which are reconstructed with numerical method.

Keywords: digital holography, fingerprint, low coherence

1. INTRODUCTION

The observation of microscopic scale has been widely interested for long time. Since D. Gabor has been first found the
investigation technique in microscopic scale by using light called “Holography”', a variety of application in microscopic
holography has been proposed. Since, several years later, high speed computer and image sensor (Charge couple device:
CCD) have been widely used, the holography technique has been developed by U. Schnars and W. Juptner® and then
called “Digital Holography”. Digital holography technique has been widely applied to various fields’, such as
deformation measurement, vibration analysis, object recognition, microscopic scale observation, and particle
characterization. One of interesting research in microscopic scale observation is fingerprint scanner. So far there are
many kinds of sensors used to scanning fingerprint pattern, such as capacitive sensor®, ultrasonic sensor’, and optical
sensor’. By using optical sensor, the total internal reflection has been needed. The finger is illuminated through a prism
and reflection profile contains the ridge patterns, which contact with the prism. Recently, the method of fingerprint
scanning by using optical sensor can be developed by using digital holography technique for record both amplitude and
phase. Using the digital holography, the profile of fingerprint pattern can be displayed in three dimensions’. However, to
develop digital holography for compact scanner, a number of apparatus of the devices should be concerned. In this paper
we proposed the concept of portable fingerprint scanner without beam splitter. Instead of using the beam splitter, a glass
slide is used to reflect the fingerprint pattern beam and reference beam.

2. HOLOGRAM RECORDING AND RECONSTRUCTION CONCEPT

In this section, we briefly described the concept of hologram recording with single glass slide. Figure 1(a) shows
principle of fingerprint scanner. Light ray, which is incident upon a specular surface such as fingerprint valley is
reflected. In the same time, light ray will scat at an irregular surface i.e. finger ridge. Using this technique, fingerprint
pattern has been recorded by using photo detector or digital camera. Figure 1(b) shows the principle of interference of
thin film. The reflected waves from upper and lower surface of the glass slide have been interfered, when the thickness
between upper and lower surface is small. From the concept of figure 1(a) and 1(b), so the hologram can be recorded
without beam splitter. The object wave, which contains a fingerprint pattern, propagates from upper surface and the
reference wave propagates from lower surface. Therefore, this concept can be reduced some apparatus and area of the
se;[up. In this paper, the holograms from the data sets presented are reconstructed using the method described by Fugal et
al’.

*ivirusjung@gmail.com; phone +66 329 8400-8411; fax +66329 8412
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(@) (b)

Figure 1. The concept of holographic fingerprint recording: (a) principle of finger print scanner; (b) interference pattern of
thin film

3. EXPERIMENTAL SETUP

A schematic of the coherence length measuring based on Michelson interferometer is shown in Figure 2. The polarized
laser diode with wave length of 635 nm has been used as the light source. Laser beam was expanded and split to two
beams by convex lens with focal length of 175 mm and beam splitter, respectively. The distance from the beam splitter
to laser diode, two mirrors, and screen were 400 mm, 50 mm, and 75 mm, respectively. The distance of optical light path
from light source to screen was varied by changing the position of the screen. The interference pattern was recorded by

CMOS camera.
8 CMOS

Figure 2. Michelson interferometer setup for coherence length measuring: M’s, mirrors; BS, beam splitter; S, screen.

Ml

Figure 3, shows a schematic of the low coherence digital holographic fingerprint scanner setup. The expanded beam
from the light source was incident on a glass slide with incident angle was 20 degree. The finger was laid over the back
side of glass slide then the plane of the referent beam and object beam interfered with each other on CMOS camera,
which placed from glass slide for 150 mm. We used Canon EOS 350D with 3456 x 2304 pixels, 6.4 pm pixel pitch, and
22.2 x 14.7 mm size as CMOS camera.
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Figure 3. Fingerprint scanner setup: GS is glass slide.

4. RESULTS OF IMAGING EXPERIMENTS

Figure 4(a) — (e) illustrate the interference pattern on screen captured by CMOS camera with the distances of optical
light path are 575 mm, 650 mm, 725 mm, 800 mm, and 875 mm. The interference patterns of longest distance still
stably occur. This means that the coherence length of this laser diode is not smaller than 875 mm.

a) b) ©)
d) e)

Figure 4. Interference pattern of each optical path distance: (a) 575 mm; (b) 650 mm; (c) 725 mm; (d) 800 mm; (e) 875 mm.

Figure 5(a) and 5(e) show fingerprint hologram, which recorded by CMOS camera at distance of 150 mm. The
fingerprint pattern is likely prominent. However, there is interference pattern between the beams that reflected from the
front and back face of glass slide appears at background of image. Figure 5(b) and 5(f) show the reconstructed hologram
at distance of 100 mm. The fingerprint image is not clear like the blur image that shot by the out of focus in photography.
Figure 5(c) and 5(g) show the reconstructed hologram at distance 148 mm, which is close to the distance of CMOS and
glass slide that we use for writing holography. This image [Fig. 5(g)] is very clear and sharp without the interference
pattern background. Like the previous images [Fig. 5(b) and 5(f)], the reconstructed hologram at distance of 200 mm
[Fig. 5(d) and 5(h)] are not clear but there is no interference pattern appear.
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Figure 5. Fingerprint images: (a) hologram; (b) reconstructed image at distance of 100 mm; (c) reconstructed image at
distance of 148 mm; (d) reconstructed image at distance of 200 mm; (e) zoom crop of figure 5(a); (f) zoom crop of figure
5(b); (g) zoom crop of figure 5(c); (h) zoom crop of figure 5(d)
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z =100 mm

Figures 6 and 8 illustrate cross section plots of the reconstructed images, which are out of focus. The characteristics of
amplitude versus distance are not periodic. In contrast, at the reconstructed distance close to the recorded distance, the

amplitude characteristic is periodic as shown in Figure 7.
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(snepis) epnyiidwy

Distance (um)
z = 148 mm

Figure 6. Cross section plot of Fig.4 (f).

(suelpel) aseyd

(snopys) apnyiidwy

300
Distance (um)
Proc. of SPIE Vol. 8883 888315-5

Figure 7. Cross section plot of Fig.4 (i).
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Figure 8. Cross section plot of Fig.4 (j).

S. CONCLUSION

In this paper, we, first, have measured the coherence length of laser diode by using Michelson interferometer technique.
The interference pattern still stably appears at distance equal to 875 mm. However, the total distance of digital
holographic fingerprint scanner in this research is not over 400 mm. For these results, this laser diode can be used as
light source. By using recording technique as figure 2, the sharpest point is slightly shifted from recorded distance
because plane of image is not parallel to CMOS plane. For example, when reconstructed hologram with distance equal to
152 mm, image will sharpest at other point. However, it is not created trouble for digital holography technique. The
considered points of fingerprint can be found by change of reconstructed distance in the program.
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