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Palmprint Recognition Using Gabor-Based
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Abstract—Various methods are used to obtain a superior
palmprint recognition system. After selecting a palmprint image
filter, using Gabor orientation scale pairs is an option to support
the refinement of the verification process. Many researchers use
the [8 x 5] pair for the value of the Gabor orientation scale in the
field of palmprint recognition. However, from the experiments
conducted, other Gabor pairs have more impact on system
improvement. The problem is to get the most suitable value
pairs for palmprint applications, so in this study, a comparison
of seven kinds of Gabor pairs is carried out. This Gabor pair
being compared applies using original images, PCA dimension
reduction, and the Euclidean method. From the research that has
been done, the pair of Gabor orientation scale [8 x 7] or image
expansion of 56 will have the most significant impact compared
to other pairs. Suppose the result of this Gabor pair is [8 x 7] by
using other improvement systems, namely the 3W filter instead
of the original image, KPCA to replace the PCA, and the cosine
method in the matching method. In that case, it will increase the
verification value by 99.611%. The trial value obtained can be an
alternative method of choice for improving palmprint recognition.

Keywords—Scale orientation Gabor, Palmprint recognition,
verification and equal error rate, four biometric curves, KPCA

I. INTRODUCTION

HE use of biometric systems as an identification system

has increased, one of which is the palm. The palm print
is a relatively new biometric with the unique characteristic of
stable palm lines. The uniqueness and stability of these hand
lines are reliable features of each palm. Palm biometrics has
the advantage of relatively larger dimensions than fingerprint
biometrics, and the detection process can be done without
attaching it to a scanner. Thus, detecting people can be
carried out quickly and bulk by simply waving their hands.
So this system is suitable when applied at the airport. Outline
researchers in the field of palmprint recognition have divided
the research subsection into four parts, namely preprocessing,
homogeneity of image position, dimension reduction, and
matching techniques [I]-[3]. If the research emphasizes the
search for characteristics in the form of the main line of
the palm, then the acquisition tool to get a digital image is
enough to use a camera or web camera. The results of the
image acquisition then produce an ROI image. The research
series can start and end with this form when the EER value,
verification, and curve display are obtained. From each method
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used, the research aims to get the lowest possible EER value.
The low value of EER will be closely related to the superiority
of system performance, namely a high verification value.
After normalizing the image, it is necessary to homogenize
the reference points and reduce the amount of data that is not
important. Both processes are in one group, namely in the
data extraction section. As an alternative to data extraction
applications, the use of the Legendre moment method cannot
be applied in the normalization process if all images are
not oriented in the same direction [4]. However, if using
another method, namely Gabor, it can be used to normalize
the position of various [5] images. Along with the opinion
of this researcher, other researchers stated that the use of
Gabor also strengthens the information feature of [6]. The
opinion of the two researchers was strengthened by the third
researcher, who stated that the PCA and Gabor [6 X 3]
methods were able to improve the system performance of
[7]. Thus, combining Gabor [8 x 5] and PCA dimension
reduction can yield a verification value above 95% [8]. In
addition to using PCA, other methods, namely KPCA and
the Gabor [8 x 5] scale orientation, can produce a good
performance [9]. Researchers have widely used use pairs of
Gabor orientation scales. However, until now, there is still
no definite choice that everyone can accept. Using the PolyU
database for ROI original and combining the Gabor method
worth [8 x 5] a verification value of 97.12% will be generated
using PCA dimension reduction and Euclidean is matching
[9]. Using the morphology filter for image improvement and
the Gabor technique of [8 x 5], then using the PCA method
and the Hamming technique for matching will be able to
produce 95,409% of a verification value [8]. Furthermore,
improvements to the palmprint recognition system with a
binary filter and the Gabor method for [6 x 3] will produce
a system with an error rate of 3%. The achievement of this
value when cooperating with PCA technique as a means of
dimension reduction and matching technique weight sum [7].
Finally, other researchers used the skelefon method for the
image enhancement process, continued to use Gabor [6 x 6],
and the multiple-machers matching method managed to get a
value of 0.18% for the error-rate [10]. Regarding the use of
the Gabor procedure, one researcher stated that to improve
system performance is not only based on the selection of
scale orientation pairs but can be achieved by using the initial
value of the Gabor scale parameter or orientation [! 1]. Other
researchers strengthened this opinion by suggesting that four
constant values in the Gabor core should be selected for the
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success of the palmprint system [6]. After the data was swelled
by applying the Gabor technique, the process was continued
with a dimension reduction system. Many researchers suggest
the use of PCA. However, this principle can be refuted because
PCA is not suitable for the biometric fusion process because
it is not efficient in computing [12]. This fact is supported by
other researchers who assert that the use of PCA is only able
to retrieve information patterns of low-dimensional data [13].

The output data that has been obtained is then processed in
the matching segment, namely the calculation of the distance
value between training and festing. The matching method
that researchers in the field of biometrics widely use is the
Euclidean [14] method. The advantages of using the Euclidean
technique are: the simplicity of function, ability to find a
unique scope of solutions, and excels in solving far different
models [15]. In addition, there is evidence that by using
Euclidean in one of its biometric methods, obtain above 97%
for verification performance [9]. Of all the advantages that
have been mentioned, it turns out that the Euclidean method
has a weakness, namely the lack of anticipation of input data
that has unequal attributes [16]. From the conclusion of all the
research results that have been tabulated, it can be concluded
that obtaining a superior information style can be achieved by
combining three methods. The first is the information pattern
of the Gabor method, the design generated from the PCA
method (principal component analysis). The last is the combi-
nation of the three ways of information originating appearance,
outline, and texture. The three types of information patterns
are then combined using a fusion mechanism. The final output
of the fusion is a genuine and imposter [ 17] image. Differences
of opinion between researchers continue to this day so that the
use of the palmprint recognition method continues to develop
with guidelines for four topics, namely the use of image filters,
the use of the Gabor orientation scale, the choice of dimension
reduction techniques, and finally the selection of matching
methods. Primarily based on the Gabor scale and orientation
passage, researchers have not widely studied and still have
opportunities to be developed.

II. THEORY

The ability of the human visual system to distinguish
various textures is based on the ability to identify multiple
frequencies and spatial orientations of the observed texture.
Gabor Filter is a filter that can simulate the characteristics
of the human visual system by isolating specific frequencies
and directions from the image. These characteristics make
the Gabor filter suitable for texture recognition applications
in computer vision. The Gabor filter is a linear filter used
in biometric feature extraction as a feature detector. Gabor
filter is a successful feature detector because it can eliminate
variability caused by contrast illumination and slight shift
and deformation of the image. Gabor filter output has been
used successfully for face detection [18]-[20] dan palmprint
recognition [21], [22]. The weakness of the Gabor method
is the increased amount of data, so the computational process
rises. The Gabor procedure is a linear filter for edge-detection,
resulting from the convolution between a sine wave and a
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Gaussian function. Since it is obtained from the convolution
product, then The resulting output is a Fourier function of
complex form. The property of the Fourier function is non-
stationary. To obtain the pattern of information for the desired
time cannot use because there is no localization in time. On
the other hand, although the short-time windowed Fourier
transform method can obtain information in the desired time,
the value obtained remains the same because there is no dif-
ference between the time and frequency phases. To overcome
this problem, the Gabor technique is applied with the aim of
obtaining information in the windowed Fourier Transform of
the phase differences that occur. The value obtained from the
Gabor process is also known as local value. Said by Struc that
local value has a value range of [tg+ 0. X wg £ 0.] with t( the
time when ¢t = 0, wg = 27 f, and o, the midpoint of square
window between time and frequency [23]. In applications, the
Gabor filter is a Morlet shape wavelet to reduce the standard
deviation in the time and frequency domains. This subtraction
is identical to trying to reduce the unimportant information of
the variance and arithmetic-mean values. To get an illustration
of the use of the two Gabor variables and the resulting
display impact, the figure 1 shows the results obtained from
the orientation process and the Gabor technique scale of 40
variation. Many researchers use the Gabor orientation scale
to reference image position [4], [5], [24]. Besides being used
for reference values, another added advantage is the ability to
get important information at different times due to differences
in orientation direction and the size of the scale used. This
principle is an extension of what cannot be obtained in the
the windowed short-time Fourier transform method.
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Fig. 1. Illustration of Gabor scale orientation for 40 changes

The Gabor method is generally used to obtain the normal-
ization of the angle and the scale difference of the image
data. Output from the Gabor method has value as much as
the multiplication of the orientation parameter with the scale.
The thousands of image data used for the input process require
normalization in terms of scale and image orientation. The use
of the Legendre Moment method from previous researchers
has a weakness. Namely, it fails to process images that are
not oriented in the same direction. These weaknesses can be
overcome by using the Gabor method. The Gabor method im-
proves performance when it has the correct multiplication pair
between orientation and scale. The Gabor equation contains
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various parameters. If a particular constant value can reduce
these parameters, it is sure to speed up the process. A system
sometimes gets optimal performance through an unordered
selection of parameters. The effectiveness of the gray level
information from the co-occurrence matrix can be increased
by selecting entropy based jets which are not sequential [25].
From the results of this study, it can be Based on the idea
of [25], Other researchers concluded that a particular value
jump method is needed for the order of the Gabor value of
scale and orientation. Another researcher states that system
performance through the Gabor filter can be improved if the
initial use of the scale value (¢) or orientation () does not
start at 0 but starts at 2 and sort in increments of v/2 [11]. So
for example ¢ = 8,9 = 7 then the increase in the value of the
loop is ¢ = [0,1,2,3,4,5,6,7] and ¥ = [2,2v/2,4,4/2,8].
Furthermore, in specific applications involving the Gabor tech-
nique, four components can be adjusted to get optimal results
[6]. The four variables are sequentially notated: entropy (&),
variance (V), energy (F), and dissimilarity (A). The general
equation for the complex Gabor function G is the product of
the sinusoidal carrier (8) by the Gaussian envelope (9), which
can be expressed in the following form.

G(x,y) :S($7y)9($7y)' (1)

With a different form of notation, other researchers state
that the basis of the Gabor equation (G, y) is the product of a
sine wave (S5) with a Gaussian exponential function (I'). The
equation by Struc can be expressed as follows [23].

L [(8)2(8)9] g

G(c,0)=SxT = f—"e K*"z RNGPA L PE )
i

with & = xcosg, + ysing,, § = —xsing, + Yy cos<,, fu =

Smax/ 2u/2 and ¢, = vm/8. The notation f, for the center
frequency and ¢, for the orientation direction, ¥ for the center
frequency ratio, and 7 for the Gaussian envelope size.

The equation (2) is in complex form. The separation in
real (R¢g) and imaginary (S¢) forms with a fixed orientation
direction is as follows.

~2 | 202 -
Ra(s,9) = exp {W} cos (27Ti + fy>

202
22 14252 4 3
Sa(s,¥) = exp {—%’Zy} sin <27r/\ + 'y) ,
where £ = xcos¢ + ysing and § = —xsing + ycoss. Real

values are more often chosen to get important information
than imaginary values. However, the absolute value is more
widely used by researchers. The absolute value of G(s,¥)
and the phase ¢(s,?) can be obtained from Equation (3) in
the following form.

G(s,9) = VIRa(s,9)]2 + [Sals, 9)]2
Sa(s, )
(s, ¥) = arctan ———=
( ’ ) §RG (§7 19)

The Gabor method is used to normalize various images that
have non-uniform orientation angles and scales. The test image
has various sizes, so it is necessary to have the same size. If
the image size is [ab], then for computational convenience and
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Fig. 2. Gabor scale and orientation selection flowchart
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uniformity between different data, then choose the same size
[nn]. This study chooses the image size [128128] to represent
its information. Because the Gabor method has sin and cos
values with a range of positive and negative values for one
cycle, the image size is multiplied twice, stretching from —n
to (n — 1), becoming [256256]. Then together with the four
parameters whose values are set, namely fi.x, F,E, A will
get the Gabor value. The selection of these values is based
on several tests shown in table III. The output from Gabor is
what then separates the data between the three classifications
of test data: training, testing, and evaluating. When using the
Gabor matrix [16, 16], the length of the classification of the
test data is [16 x 16 x 8 x 5] with a scale value of ¢ = 8
and an orientation of ¥ = 5. The value used in the separation
of the resulting matrix classification for training, testing and
evaluating is [3 x ] with a value of three as the image variation
and ¢ is the number of research samples.

III. EXPERIMENT

The study used data from the PolyU database of as many
as 600 items. Each item has a variation of 10 images. The
source of the database is open-access, which can compare the
research results with other researchers’ output. The study used
a value of three for training and testing, while evaluating used
the remaining value of 4. The Gabor parameter experiment is
used to get the best value for image stability when there is
a change in scale and orientation. In this study using seven
kinds of Gabor parameter choices. The sequence of work steps
is displayed in flowchart Image 2. The research results are
written in the I and II Tables. The curve display is in Image
3 - 4. The research process uses the original image, Gabor
[8 x 5], PCA dimension reduction, and finally, the matching
method with the Euclidean technique. The I table shows the
research output, while the 3 shows the biometric ROC curve
as an explanation of the resulting research output. From Table
I shows that the highest verification value of 98,944% and an
EER error rate of 1,057% occurred in the orientation scale
pair of ¢ = 8,9 = 7. The red line represents the value of
¢ = 8,9 = 7 in the image 3, highlighting the advantages of
this Gabor value pair over other value pairs. From the seven
curve lines, it can be seen that the red line has the smallest
false accept rate value of 0 and the highest false rejection rate
value is 1.
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TABLE I
THE RESULTS OF THE STUDY USING THE ORIGINAL IMAGE, THE GABOR
VALUE (8 X 5], PCA DIMENSION REDUCTION, AND THE EUCLIDEAN
MATCHING METHOD

MUHAMMAD KUSBAN

TABLE II
RESULTS OF RESEARCH USING THREEW FILTERED DATA AND COSINE
MATCHING TECHNIQUES IN FOUR-DIMENSIONAL REDUCTION BASES AND
SEVEN GABOR PAIRS

Gabor RD EER Time FRR Ver. FAR Gabor DR Time FAR FRR EER Ver.
5x8 PCA 2051 517281 0.02056 97.944  0.02045 5x8  KFA 346918 004952 4944 004948 95056
8x5 PCA 1.164 509877 001167 98833 001161 8x5  KFA 351801 034207 34.167 034187 65833
4x7 PCA 1834 432634 001833 98.167 0.01836 4x7  KFA 343802 0.1101 11.056 0.11078 88.944
6x5 PCA 1556 445434 001556 98444 0.01555 6x5  KFA 306052 005345 5333 005339 94.667
8x7 PCA 1057 618340 001056 98944 0.01059 8x7  KFA 327774 008935 8944 008940 91.056
7x8 PCA 1268 624552 001278 98722  0.01259 7x8  KFA 376340 0.11807 11.833 0.11820 88.167
9x7 PCA 1093 681513 001111 98889 0.01074 9x7  KFA 368267 019621 19.667 0.19644  80.333
5x8  KPCA 288893 000831 0833 000832 99.167
8x5  KPCA 271903 000565 0556 0.00560 99.444
1 — _ 4x7  KPCA 245626 001022  1.000 001011  99.000
6x5  KPCA 254562 000907 0.889 0.00898 99.111
8x7  KPCA 264090 000388 0389 000388 99.611
7x8  KPCA 277566 000499 0500 0.00499  99.500
0.8 1 9x7  KPCA 268759 000499 0500 0.00499  99.500
Q
= 5x8 LDA 787819 000554 0556 000555 99.444
o~ 8x5 LDA 75938 000388 038 000388 99.611
£0.6 1 4x7 LDA 550663 000884  0.889 0.00886 99.111
g= 6x5 LDA 580031 000886 0.889 000888 99.111
2 8x7 LDA 853836 000333 0333 000333 99.667
& o4l c=519=8 7x8  LDA 909606 000278 0278 000278 99.722
o U c=849=5 ] 9x7 LDA 935421 000334 0333 000334 99.667
w2
= §=40=17 5x8  PCA 570652 000972  1.000 0.0098 99.000
es c=6,9=5 8x5  PCA 585832 000721 0722 000722 99.278
0.2 ——=80=7 ] 4x7  PCA 440819 001032  1.000 001016 99.000
c=7.0=8 6x5  PCA 454485 000889  0.889 0.00889 99.111
=99 =T 8x7  PCA 592817 000556 0556 0.00556 99.444
0 ‘ ‘ 7x8  PCA 631833 000598 0611 000605 99.389
10-6 104 10-2 100 9Xx7  PCA 618710 000575 0556 0.00565 99.444
False Accept Rate

Fig. 3. ROC curve that shows the comparison of research outcomes with 500
items of data and the use of PCA and Euclidean

In follow-up research, activities are centered on changing
Gabor parameters and matching methods. The II table shows
the results of further research while maintaining the seven
variables of the Gabor orientation scale. The variables used
are the ThreeW filter to replace the original image and the
cosine method for matching techniques. The Gabor orientation
scale and reduction methods remain the same from previous
studies. The LDA dimension reduction method dominates the
acquisition of research values with the EER and verification
error values of 0.278% and 99.722%. But looking at the largest
processing time or computation time, the LDA method can be
ignored. Furthermore, from the KPCA method, the orientation
scale value pair of 8 x 7 outperformed the pair ¢ and 4.
Likewise for PCA, the choices ¢ = 8,9 = 7 outperformed
the other pairs of Gabor orientation scales.

It can be seen from the image 4 that the pair ¢ = 8,9 =7
with a red line presentation, excels for the CMC, EPC, and
ROC curves. It is clear that the CMC 4 curve (a) the red
line has a recognition rate nearly 1 all in all. Then the pair
[c = 8 x ¥ = 7] in the image EPC curve 4 (c) shows that
it has the lowest error rate value. Meanwhile, in the ROC
curve of the image 4 (d) the red line dominates the advantage
with other colors with the false accept rate approaching 1 and
the false rejection rate approaching 0. For KPCA, the highest

verification value is 99.611% and the EER error rate is 0.388%
with a processing time of 2.64090 seconds.

TABLE III

TRIAL OF VARIOUS PARAMETERS IN THE GABOR METHOD FOR SCALE
ORIENTATION [8 X 5]

Parameter EER Ver.

0— [{z,y} — 1] 4.043  95.944
—{z,y} = {z,y} — 1] 1.168  98.833
fmax, €,V, and A — /2 2.054 97.944
fmax, €,V, and A — 2 1.122  98.889
&V, and A — /2, foax, — 0,5 2.054 97.944
&,V, and A = V2, fmax, — 0.25 2.054 97.944
fmax, &,V, and A — 5 3.946  96.056
fmax, €,V, and A — 2,5 1.208 98.778
fmax, &,V, and A — 1,5 1.724 98278

Furthermore, to make more use of the Gabor technique, can
do alternate variable value settings. The value changes that
have a significant impact on value changes are when setting
the distribution of fi,ax,€,V and A values. For the Gabor
[8 x 5], original, PCA, and Euclidean pairs of 500 data objects,
assigning these four variables with a value of 2 will produce
the best outcome.

IV. CONCLUSION

By adjusting the choice of image filters, selecting Gabor
orientation scale pairs, dimensional reduction methods, and
appropriate matching techniques, it will get reliable palmprint
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Fig. 4. Four types of biometric curves: (a) CMC, (b) DET, (c) EPC, and (d) ROC

recognition research outputs.The use of the ¢ = 8 and ¥ =7
scale pairs Gabor gave the best research outcome compared to
other value options. With this pair, we will get a verification
value of 99,611% and an error rate of 0.388% in the KPCA
domain. The use of LDA has a good output value, but
researchers are starting to abandon the dimensional reduction
method because of the length of time the process takes. With
four biometric curves ROC, EPC, DET, and CMC, it clarifies
the advantages of using a series of methods: ThreeW, [8 x 7],
KPCA, and cosine.
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