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Abstract. This study uses the r-theta transformation technique to map a fingerprint image to the
straight-line signals. Subsequently, the “vector magnitude invariant transform” technique is applied
to them to generate an invariant magnitude for person identification. This technique can solve the
image rotation problem. Various vertical magnitude strips are generated to deal with the image-
shifting problem. The algorithm developed in this study can precisely classify the fingerprint im-
ages.
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1. Introduction

In the past thirty years, researchers have devoted much attention to the identification
of fingerprints. The techniques used have included directional histogram equalization
(Bouchaffra and Amira, 2008), binary image stream angle (Cappelli et al., 2007; Lee and
Choi, 2007; Nandakumar et al., 2007; Bartkuté-Norktniené, 2009; Ross et al., 2007),
principal component analysis (Dagher and Nachar, 2006; Zuo and David Zhang, 2006),
bright indicator (Fernandez and Fierrez, 2007), sine component mapping (Lipeika, 2010),
the IFFT filter, minutia location shape matching (Galy et al., 2007; Jea and Govindaraju,
2005), fine binary (Ji and Yi, 2007), orientation estimation (Jiang, 2005), the Gabor filter
(Fernandez and Fierrez, 2007; Lee and Choi, 2007), feature learning (Bastys et al., 2010;
Tan et al., 2005), wavelet transform, phase correlation (Ito et al., 2005), singular point
detection (Bartkuté-Norkiiniené, 2009; Jea and Govindaraju, 2005), wavelet, FFT, log
polar transform, quad tree (Krasnjak and Krivec, 2005), directional detection (Fernandez
and Fierrez, 2007; Park and Park, 2005), sub band decomposition, dilate enhancement,
feature extraction, ridge tracing, and linear discriminate analysis (Zuo and David Zhang,
2006).

In the aforementioned research, the researchers used a very complicated mathematical
mode, e.g., image phase, to solve the image rotation problem. The wavelet transform does
not work well for filtering the noises plaguing a fingerprint image. The popular techniques
to recognize fingerprint images were image subtraction, wherein there are two images:
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one was called the “sample image” and another, “unknown image”, by the subtraction of
the former to the latter to recognize different fingerprints.

For comparison between the method proposed in this study and other image rotation
approach, to the minutia image, for dealing with the image-shifting problem, the other
method needs to locate the bifurcation point(s) of minutia image; next, the algorithm can
use it as the centroid by which to extract the fingerprint image; subsequently, image ro-
tation and comparison can be conducted to identify different images. However, in some
minutia image there is no bifurcation point and/or they are very obscure, to which one
cannot precisely locate them. Furthermore, the bifurcation point might locate near the end
of the image frame, to which only small region of the fingerprint image can be extracted;
thereby, resulting in poor comparison result. Moreover, fingerprint image might rotate to
other directions with sub-pixel, greater than 15 degree, or more severe rotations. To this,
sub-pixel level comparisons are required to obtain the correct comparison result; subse-
quently, huge amount of computation time are needed to complete the job. In addition,
various number of the bifurcation points might be presented in one image, to which a im-
age might posses its unique database to record the bifurcation sub-patterns; furthermore,
one-to-many comparison technique is required to obtain the correct comparison result.
To this, the system is more complicated.

The method proposed in the study can accomplish the aforementioned approach in
a more efficient way. First it locates the centroid of the image; then, it performs the cir-
cle signal extraction technique which extracting the fingerprint signals and it can extract
a greater region than the aforementioned method; next, it performs the rotation invariant
transform which can deal with the sub-pixel and/or more than 15 degree or severe rota-
tion problem and it only requires one computation time which is a time saving technique.
For managing the image-shifting problem, the neighboring 8 pixels of the centroid are
selected to run the aforementioned procedure by the try-and-error approach. To this, it
is a fix-point model which can be easier to be implemented comparing to the aforemen-
tioned method.

In the present study, the image-scaling problem is ignored, i.e., the “sample image”
and “unknown image” possess the same image size; however, for the image comparison
the following two problem must be solved: (1) image shifting, and (2) rotation problems.
Solving these two problems by the brutal method is a NP-Hard problem. In this study,
the image used is a 128 by 128 image. Since two fingerprints need to be compared to find
the differences, they need to be aligned to the same position. Suppose a sample image is
located in the center of a 128 by 128 image and its orientation is in a straight position. For
comparison, a unknown image needs to be shifted and rotated to the center and straight
position. For accurate comparison, during the fine-tuning steps, the unknown image must
be shifted up or down or rotated counter- or clock-wise to match the sample image. This
approach is a time consuming process and the correct result might not be obtained.

In this study, the centroid of the image was located manually, by which one cannot
exactly find the precise location of the centroid of the fingerprint image. After the image
shifting, this study suppose the centroid of the unknown image is located in one of the fol-
lowing locations: (64, 64), (63, 63), (63, 65), (65, 65), (65, 63), (62, 64), (64, 66), (66, 64),
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and (64, 62). Fine-tuning is needed to shift this image to its proper position to obtain the
better result. The follow steps are taken to fine-tune the position of the unknown image.

In this study, (1) the centroid of the “sample” and “unknown” images are supposed
in position (64,64) and the ring to line signal-mapping technique is used to map both
images. Subsequently, the “vector magnitude invariant transform” technique is used to
transfer the sample and unknown images to an invariant vector magnitude; by comparing
the differences of them, the algorithm can determine whether the sample and unknown
images are the identical image, (2) the centroid of a “sample image” is supposed in posi-
tion (64, 64) and another image is located in position (63, 63), (63, 65), (65, 65), (65, 63),
(62,64), (64,66), (66,64), and (64, 62), respectively; the aforementioned procedure in
(1) are applied again to determine whether both images are the identical image. By ex-
amining the final experimental result, it can be observed that this approach can yield good
recognition rate.

Thus, the approximation method to match the centroids of the “sample” and “un-
known” images can solve the image-shifting problem and the “ring-line mapping” and
“vector magnitude invariant transform” techniques are used to solve the image-rotation
problem.

In the previous discussion, the centroid position of a fingerprint image was found man-
ually. In the future, other more reliable technique to detect the centroids of the fingerprint
images might be developed.

The ring-line signal mapping technique is the interpolation of an image from the polar
coordinate system to the z—y coordinate system. The “vector magnitude invariant trans-
form” technique is used to transfer an image to an invariant vector magnitude, whereby
to generate the signal vectors in the complex number domain.

This report consists of five sections. Section 2 shows the mechanism of the “vector
magnitude invariant transform”. Section 3 employees the r-theta transformation to extract
the fingerprint image. Section 4 extracts the fingerprint signals by various locations and
performs the signal comparison. Section 5 concludes this report.

2. Vector Magnitude Invariant Transform

In this study, signals are extracted by following a sampling circle, whereby the strengths
of extracted ring signals generate emanated vectors. Next summing these vectors gener-
ates a single vector. Subsequently, the magnitude of this single vector can be determined,
whereby is used to identify different persons. This ring can rotate to various orientations.
However, no matter where the ring rotates, the aforementioned magnitude is unique. This
indicates that although the fingerprint is rotated, after the transformation, the vector mag-
nitude is invariant.

Figure 1 shows the ring-signals xg, x1, T2, . . ., £127, Wherein circle-centroid and sig-
nals xg, x1 generates an angle ZxyCentroid x1, wherein the angle is 2.81°. Similarly,
signals x1,x2, and centroid also generate an angle ZxCentroid zs with angle 2.81°
too, . ... Similarly, every two signals and centroid generate an angle with 2.81°. Figure 2
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Fig. 2. Original signals rotaded n * 2.81 degrees clockwise.

shows the ring-signals of Zo4n, T14n, T24n, - - -, T127+4n, t0 Which every two signals and
centroid also generates the angle of 2.81°. Figures 1 and 2 present the same ring. How-
ever, the ring in Fig. 1 is rotated n - 2.81° clock-wisely, whereby to generate the ring
of Fig. 2, wherein n is a positive integer number. Equation (1) shows the “vector mag-
nitude invariant transform”, by which to transform the signals zy,x1,22,...,2127 in
Fig. 1 to vectors f(xo), f(x1), f(z2),..., f(x127). Furthermore, the terms of the fol-
lows are generated: F'(ug), F'(u1), F'(u2),... F(ui27). In (1) and (2), the parameter p
is set to 2.81, since the rings in Figs. 1 and 2 contain 128 signals. The ring signals in
Figs. 1 and 2 are fed to the first equation in (1) and (2) respectively, whereby F'1 (ug)
and F»(ug) are generated respectively. As mentioned in the beginning of this section, the
magnitudes of F'1(ug) and F5(ug) should be equal. Therefore, ||F'1(ug)|| and || Fs(ug)]|
present the same value. Furthermore, the conclusions of follows could also be reached:
|E1 (u)|| = |1 F2(ui)lls- - | F1(ui27)|| = || F2(ui27)]|. By this property, the image can
be recognized, as shown in Fig. 3, whereby the orientations of them are somewhat differ-
ent.



Ring Line Mapping and Rotation Inertial for Fingerprint ldentification 439

f N\ {

NN
M

LA

/LN '
RingSignal ~ RingSignal RingSignal,

Fig. 3. Different ring signals.
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Fy(uiar) = f(xoyn)e 7P 12T040) 4 (g, Yo i 12T (14n)
+ f(m2+n)e—jp-127*(2+n) Foet f($127+n)e_jp'127'(127+n).

3. Signal Mapping and Image Shifting Problem

Figure 4 shows mapping the ring signals to straight-line signals, wherein the radius of
this ring is 58. This figure shows one ring generates one straight-line signal. In this study,
in order to obtain more fingerprint image, various ring with different radii are used to ex-
tract fingerprint, as 13, 16,19, 22, ..., 58. Figure 5 shows the result of multiple extracted
straight-lines.

Furthermore, as examining the left-picture in Fig. 4, it can be observed that the
circle-center is located in position (64,64) of a 128 by 128 image, whereby the map-
ping straight-line signals reside in the left area in the right picture. As aforementioned,
various radii are set to extract the fingerprint, as 13,16, 19,22, ..., 58. Subsequently, the
extracted results are resided in the left area, as shown in right image of Fig. 5.
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Fig. 5. Rings to lines.

It can be observed that Figs. 4 and 5 use location (64, 64) as the circle-center to ex-
tract signals. For dealing with the image-shifting problem, various locations are used as
the circle-centers to extract the image, as (64, 64), (63,63), (63, 65), (65,65), (65, 63),
(62,64), (64, 66), (66, 64), and (64, 62). For each of them, the extracted signals are saved
in different positions, as Figs. 6 and 7. Furthermore, for each of them, circle-radii of
13,16,19,22, ..., 58 are used to extract the signals. The center column pictures in Fig. 7
show the image-space is divided as the strips 0, 1, 2, ..., and 8, wherein the aforemen-
tioned extracted strips from different circle-centers are saved. Equations (1) and (2) are
applied to them to generate the results, as shown in the right column in Fig. 7.

Figure 8 shows the vertical strip comparison to identify an image. To locate the max-
imum matching of two images, every vertical strip in one image is compared to all of the

|

Fig. 6. Various fingerprint strips.
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Fig. 8. Vertical strip-subtractions and results.

strips in the counter one. The left picture in Fig. 8 show the subtracted-results of strip 4
of “person one” and strip 1 of “person two”; right, strip 0, 7.

4. Results and Conclusion

In this study, three fingerprint images are taken for each person, wherein the orientations
are somewhat different, and totally forty persons joining in this study for fingerprinting.
The fingerprint images used in this study are 120. Considering the 120 fingerprints alto-
gether and running them in one batch would require a very long processing time. There
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is also the possibility of malfunctioning software and/or insufficient memory to accom-
modate the database. Therefore, the 40 participants were divided into eight groups of five
persons each for testing. Since three different fingerprints were taken for each participant,
15 images were tested in each step. Thus, the system ran eight different batches.

In each group, one fingerprint was compared with the other 14 fingerprints. Alto-
gether, 105 comparisons were conducted to test the accuracy rate. Within these compar-
isons, 15 were conducted for genuine comparison, since three different fingerprints were
taken for each person. The other 90 comparisons were conducted to identify imposters
among different fingerprints. Among the eight different test batches, there were 120 gen-
uine tests and 720 imposter tests.

Figure 9 shows the original images. Table 1 shows partial comparison data. The data
inside the rectangular boxes were the results of subtraction of two genuine fingerprints;
the others, impostor. Table 2 presents the summarized results of Table 1, showing the
ranges of imposter and genuine comparisons for five different persons, wherein the im-
poster comparison is 41 794 250-28 431 905 and the correct and error ratio is 840 : 8; for
genuine, 33 704 838-11429 809, 840 : 16.

Figure 10 shows the fine tuned binary images. As the aforementioned, Table 3 shows
the partial comparison data, whereby Table 4 present the summarized results. For im-
poster comparisons, the range is 98 418 108—72 385 069; the correct and error ratio is
840 : 8; for genuine, 80497 780-42 857 454 840 : 8.

NN ) VAN |

Fig. 9. Original fingerprint images.

Table 1

Comparison data

T TROTIT) 3833197 41767073 41558335 40280358 38081309 36774431 33363100 33800386 33442407 40663647 08ES362 40578721
P07 IO6I6E5 3R021547 40P0LE2 41231314 30417736 30509301 3213BLES 31306717 IBBEETAS 38548057 37605333
40076513 30000007 4029 41565222 37841499 30115561 28431905 29050077 40123716 38850500 34708418
36284743 36711750 36114817 37578956 37556281 37485205 34543428 34130609 34232138
< szziond] 36601808 39787750 37115770 36884754 37295950 37095065 30097930 32697130 31230164
346253

41704250 37013380 30197806 32174707 32107238 33716521 34560855 33783499

IBAR1636 IGEEEEIL 37300853 35430154 35062201 34426100

40730692 40603462 41206006 39211237 38471590 38128432

35838500 IE2NEM1 IEITIISE WE5A531 | 35665705

§805435 38934819 36083381
14153653

P5531285 38370135 35880000
35477954 37515026 36038616

G669 | 15110732
£33

; of identical
sSources
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Table 2

Experiment results for original fingerprint images

Range of Error range of Error Error
comparison-values subtracted-values (times)  rate
Different source 41794 250-28431905 28900 000-28 431905 8 840 : 8
comparisons
Identical source ~ 33704938-11429809 33704 838-28900000 16 840 : 16
comparisons

120 different fingerprints; 840 comparisons; 28 900 000 as threshod

\W/ w /7 \
A N

Fig. 10. Binary fingerprint images.

Table 3

Comparison data of binary fingerprint images

0 |89357463 | 94541265 S0201849 93744016 S1992449 92272063 B00NBEEL 80312518 7876664l 95036074 91303403 92219527
E4685560 J88552855 G1764890 86766092 M299380 95916071 93337620 80065915 76683754 74811586 S0T68426 89123943 39321950

268665 L0R0LASR SZXRA0S, 971 19588 96035017 93085719 76896173 74500237 72385060 91561277 90526554 91572769
ﬁt’ﬂﬂ%ﬂ S0497780) 87154285 84724731 BB588248 96583118 Md822412 M246606 83102027 81525849 81550735

SLSSTAI N 85300771 S1171855 8R426337 95249365 93339039 91423976 76529321 | 78728452 TEA5250
86499847 88304041 87436087 91846664 89747199 GU238080 §1335717 80802616 80210292

74053422 S ME21009 | 92895400 90638511 86558667 83637997 83304016
96930848 98418108 97294023 | 87885559 B6688393 825363
9BG07E6 94455123 95221810 89636101 88584633 87914412
47639724 953720182
; 76254
88863914

0893610 91227317
T

Table 4

Experiment results for binary fingerprint images

Range of Error range of Error Error
comparison-values subtracted-values (times)  rate
Different source 98418 108-72385069 74 300000-72385069 8 840 : 8
comparisons
Identical source ~ 80497 780-42857454 80497 780-74300000 16 840 : 8
comparisons

120 different fingerprints; 840 comparisons; 74 300 000 as threshod
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Pirstu atspaudu identifikavimas Ziediniu liniju ir rotacijos
transformacija
Straipsnyje panaudota signaly r-teta transformacija modeliuojant pirsty atspaudus. Metodas gali

spresti vaizdy rotacijos problema. Generuojami ivairiis vertikalis réZiai suri$ti su vaizdy postimio
problema. Pasiiilytas algoritmas gali tiksliai klasifikuoti pirSty atspaudy vaizdus.



