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Abstract

In the global environment of COVID-19 outbreak, contactless biometric
identification technology improves the security of services. As an important
biometric recognition method, one of the important aspects of palmprint
recognition is feature extraction. In order to perform palmprint image feature
extraction and recognition accurately and efficiently, this paper proposes a
wavelet transform palmprint image retrieval system. The palmprint image is
extracted from the region of interest, and the wavelet transform is used to
decompose the palmprint region of interest into third-order decomposition
and fourth-order decomposition for feature vector extraction, and the dis-
tance criterion is used to transform different decomposition scales and filter
combinations for image similarity retrieval. The experimental results show
that the combination of pkva and pkva filters with four scale transformations
on ROI images has the highest retrieval rate of about 0.94, and the feature
vectors are a combination of absolute mean, kurtosis, variance, roughness
and smoothness.
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1. Introduction

The importance of biometric recognition is increasing each day and different
technologies have been developed according to the different requirements of the

users [1]. In the world epidemic environment, masks have become a necessity in
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order to reduce the contact between people, so for biometric technologies, palm-
print recognition is easier compared to face recognition. Palmprints as a biome-
tric feature were first used for personal identification about a decade ago [2]
and have been widely studied for their uniqueness, cost-effectiveness, user-
friendliness and high accuracy [3]. Various palmprint recognition systems have
been developed and many palmprint recognition algorithms have been proposed
[4] [5] [6] [7]. The palmprint region of interest is also an important aspect of
palmprint recognition research. Kumar et al [8] applied distance transformation
on the binarized palmprint image after the deflection angle, obtained the Eucli-
dean distance, took the largest Euclidean distance as the center point, and took
this as the center to intercept a fixed size rectangle (300 x 300) as ROL The prin-
ciple of this method is simple, but the obtained ROI area is too large, and the
center point positioning error is susceptible to arise. Saliha et al. [9] calculated
the boundaries by determining the limits of the palm contour on the four sides,
and extracted key points by calculating local minima. However, this method is
prone to interference leading to errors in local minima, thus giving inaccurate
keypoint positions and leading to ROI interception errors. Lin et al [10] pro-
posed an inscribed circle-based ROI extraction algorithm, in which the ROI re-
gion was located and extracted based on the maximum inscribed circle and cen-
troid method. The disadvantage of it is that sometimes the largest inscribed cir-
cle of the palm cannot be accurately detected, resulting in poor ROI extraction
performance. Various extraction methods have their own areas for improve-
ment. Different methods of palmprint ROI extraction are used for better feature
extraction.

In recent years wavelet transform has been used as a powerful analysis tool in
several fields and has a relatively wide application in the field of image processing
and retrieval [11] [12]. Wavelet analysis overcomes the short-time Fourier
transform’s shortcomings in single resolution and has multi-resolution analysis
characteristics, which can effectively distinguish the signal from noise and form
a necessary tool for image analysis, thus better able to perform better image
processing. Wavelets have played an important role in the field of image analysis
as a tool with good multi-scale and time-frequency localization characteristics.
Image retrieval using wavelet properties is applied in many ways [13] [14] [15],
for example, Prathibha et al [16] applied wavelet transform retrieval to medical
images. Wong et al. [17] combined wavelet transform retrieval with face images.
Qiang et al. [18] used wavelet transform for tire pattern image retrieval. In this
paper, palmprint region of interest and wavelet transform are combined for im-
age retrieval.

In this paper, a two-dimensional wavelet transform is applied to the palmprint
region of interest (ROI) to decompose at different scales. The processed image is
divided into low-frequency part and high-frequency part, and different feature
vector combinations are obtained, which can better analyze the palmprint image.
to search. The rest of this paper is organized as follows, and Section II presents

the principles and techniques of some related works. Section III presents the ex-
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periments and results. The fourth section is the conclusion of the article.

2. Fundamental Principles and Critical Technologies

Firstly, the desired palmprint image is acquired and pre-processed, the palmprint
image is ROI extracted, the extracted image is wavelet transformed and feature
vectors are extracted, and finally the retrieval rate is calculated. The flow chart is
shown in Figure 1.

In the process of extracting ROI the palmprint region of interest is extracted
using the distance between the center of mass and the boundary, and rotation
correction is performed on the basis of tangent, which is defined as follows:

tanl(z)zélog(H_ZJ (1)

i—z

Wavelet analysis is a time-frequency analysis method developed on the basis
of Fourier transform and short-time Fourier transform. In the display of spec-
trum images, when the Fourier transform directly displays the spectrum, the
dynamic range of the image display device is limited. Frequently cannot meet
the requirements, thus losing a lot of dark details, so the logarithmic transforma-
tion is generally used to reinforce the darker parts of an image, so as to expand
the darker pixels in the compressed high-value image. The expression for the

logarithmic function is:

t=clog(1+5) (2)

where cis the proportional scale constant, sis the source gray value and ¢is the
transformed target gray value. It can be seen from the function curve that the
slope is higher when the gray value is low, and the slope is low when the gray
value is high. The wavelet transform inherits and develops the idea of time-fre-
quency localization of the short-time Fourier transform. The expression of the

wavelet transform is:

WT(a,b):% [ f(t)~(p(%)dt 3)
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Figure 1. Palmprint image retrieval procedure diagram.
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where: ais called scale, which is used to describe the scaling of the wavelet func-
tion; b is called shift, which is used to describe the shift scale of the wavelet func-
tion. The reciprocal of the scale is proportional to the frequency, and the shift 5
corresponds to time.

The function of the two-dimensional wavelet transform is one of the simplest
and earliest used orthogonal wavelet basis functions with tight support, which is
formulated as follows:

= lim— ZXY(F yj (4)

n—% pn o

The two-dimensional wavelet transform is developed on the basis of the one-

dimensional wavelet. The two-dimensional wavelet transform expression is:

b y-b
(W f) Hf (x,y |1| [x ab*,ya y]dxdy (5)

where b, and b, are the translation factors in two dimensions. A two-dimensional
wavelet decomposition is performed on the image, and the decomposition equa-

tion is as follows:

& =] o [ (5.) 8, (x)7,,, (¥) dxdy (6)
& =] o F (2 9)7,4(x) P, () dxdy (7)
&y =] o F(20)7,4 (X)7,, () dxdy (8)
Cram = [l £ (6:2) 8,4 (%), (v) dxdy ©)

where f (x, y) is the original image; R is the two-dimensional square pro-
ductable space; ¢ is the scale basis function;  is the wavelet basis function;
w is the conjugate of y; @ is the conjugate of ¢; d', &, & are the high fre-
quency components in the horizontal, vertical and diagonal directions respec-
tively; Cis the low frequency component; j represents the decomposition to the
j-thlevel,and j=1,2,--,

3. Experiments and Results
3.1. Image Acquisition

The images used in this paper are the CASIA palmprint image database of the
Chinese Academy of Sciences for Automation Research, which is all grayscale
images with uniform black background and few interference factors. The first
200 groups of left palmprint images were used for the experimental group im-
ages, and each group of images was 6. The database images are shown in Figure
2. This database acquires images with variable angles and positions, which is
conducive to testing the feasibility of the program.

3.2. ROI Extraction

Palm images have many variations in lighting, angle and orientation during the

shooting process, and the same set of images may have deviations such as rotation
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Figure 2. Example of palm image of the same group.

or translation. In order to keep the orientation of the extracted region of interest
consistent, and also to decrease the noise in the image, the palm image needs to
be pre-processed first. The process of preprocessing and extracting ROI for palm
images in this experiment is as follows.

1) The binarization of the palm image is to set the grayscale of the points on
the image to 0 or 255, which means that the whole image will have a distinct
black and white effect, as shown in Figure 3. The grayscale image with 256
brightness levels is selected with appropriate threshold values to obtain a bina-
rized image that can still reflect the overall and local characteristics of the image.
The purpose of the binarization process is to extract the edges of the palm image,
and the edge data of the palm image is stored in an array.

2) Find the center-of-mass coordinates of the image, establish a connection
with the edge coordinates of the hand, and calculate the Euclidean distance from

the edge coordinates to the center-of-mass, whose distance formula is:

k=, =% ) +(r =0 ) (10)

3) The edge data with distances are smoothed to find the maximum of them as

well as the data location to find the rough coordinates of the region of interest.
The top and bottom coordinates of the found coordinates are sorted and Eucli-

dean distance calculation is performed. The image is rotated and corrected so
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Figure 3. Palmprint image binarization (a) Histogram of the original grayscale image; (b)

Binarized palm image.

that the image orientation is consistent and tracks the center-of-mass trajectory,
and the top and bottom coordinates are found in the rotated image. And deter-

mine the ROI position and size, as shown in Figure 4.

3.3. Wavelet Transform Retrieval

In this paper, two-dimensional wavelets are used to perform the transformation.
The two-dimensional wavelet decomposition and reconstruction process is shown
in Figure 5. The decomposition process is as follows: firstly, 1ID-DWT is per-
formed on each row of the image to obtain the low-frequency component L and
the high-frequency component H in the horizontal direction of the original im-
age, and then 1D-DWT is performed on each column of the transformed data to
obtain the low-frequency component LL in the horizontal and vertical directions,
the low-frequency in the horizontal direction and the high-frequency in the vertic-
al direction of the original image, LH, the high-frequency in the horizontal di-
rection and the high-frequency in the vertical direction, and the high-frequency
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Figure 4. Rotationally corrected ROI image (a) Rotationally corrected image; (b) ROI
frame selection; (c) ROI image.
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Figure 5. Two-dimensional wavelet decomposition and reconstruction process diagram.

component HH in the horizontal and vertical directions. The reconstruction
process is as follows: first, each column of the transformed data is inverted by a
discrete wavelet, and then each row of the transformed data is inverted by a
one-dimensional discrete wavelet to obtain the reconstructed image. From the
above process, it can be seen that the wavelet decomposition of the image is a
process of separating the signal according to the low frequency and the directed
high frequency, and further wavelet decomposition can be performed on the ob-
tained LL components according to the need in the decomposition process until
the requirement is achieved.

In this work, the palmprint region of interest images is transformed at three
scales and four scales for pyramidal oriented filter bank decomposition. The data

after the image undergoes wavelet decomposition is subjected to eigenvalue op-
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erations: including standard deviation, smoothness, absolute value mean, va-
riance, roughness, and kurtosis. The eigenvalues of each scale variation are ex-
tracted and the Canberra distance is calculated to calculate the average retrieval
rate. n-dimensional space of the Canberra distance is:

(ab Z:||a b|

al+]o| (1)

The proposed scheme uses MATLAB to retrieve the image database. The da-
tabase used contains 200 palmprints of different people, each person includes 6
palmprint images, and the size of the images is 192 x 192 pixels. First, the feature
vector of each image is calculated to establish a multi-feature vector combina-
tion. Next, a single feature quantity distance calculation and a multi-feature vec-
tor distance calculation are performed. Finally, after obtaining the Canberra dis-
tance data, the retrieval rate calculation is performed. In the retrieval rate calcu-
lation, the 6th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, 90th, and 100th images in
the first 100 similar images are taken for calculation, and finally their average re-
trieval rates are taken respectively. During the operation process of the experi-
mental group, different wavelet scales and filter combinations were transformed.
The filters are pkva, 9-7, 5-3, Burt, haar. Table 1 is the comparison of the re-
trieval rates of different filter banks of three scale transformations, and Table 2
is the comparison of retrieval ratios of different filter banks of four scale trans-
formations. Among them, R1, R2, R3, R4, R5, and R6 represent standard devia-
tion, smoothness, absolute value mean, variance, roughness, and kurtosis, re-
spectively.

The average retrieval rate results for different eigenvector combinations are
slightly different, and in this scheme, the retrieval rate of all third-order wavelet
transforms is lower than that of fourth-order transforms. The image retrieval

rate of the feature combination of smoothness, absolute value mean, variance,

Table 1. Comparison of retrieval rates of different filter banks at three scales.

Combinati Burt,
ombination pkva, pkva 9-7,pkva 5-3, pkva Haar, pkva . Haar, 9-7 Haar, 5-3

of features

R13456 0.9188 0.8811 0.8811 0.9051 0.8869 0.9051 0.9051
R23456 0.9169 0.8803 0.8813 0.9069 0.8869 0.9069 0.9069

R123456 0.9183 0.8781 0.8794 0.9039 0.8844 0.9039 0.9039

Table 2. Comparison of retrieval rates of different filter banks at four scales.

Combinati Burt,
ombination pkva, pkva 9-7,pkva 5-3, pkva Haar, pkva o Haar, 9-7Haar, 5-3

of features

R13456 0.9369 0.9011 0.9014 0.9208 0.8988  0.9208  0.9208
R23456 0.9374 0.9011 0.9001 0.9231 0.8994 0.9231 0.9231

R123456 0.9356 0.8997 0.8994 0.9200 0.8972  0.9200 0.9200
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roughness, and kurtosis is higher than other feature combinations. The filter
combination retrieval rate of haar and pkva, 9-7, 5-3 is the same. Among all filter
combinations, the combination of Burt and pkva has the lowest retrieval rate.
The filter combination of pkva and pkva for four-scale transformations, the fea-
ture vector combination of smoothness, absolute value mean, variance, rough-
ness, and kurtosis has the highest retrieval rate and the retrieval rate is about
0.94.

4. Conclusion

In this paper, a wavelet transform ROI palmprint image retrieval system is pro-
posed on the basis of image processing. By determining the palmprint region of
interest, decomposing the palmprint region of interest using two-dimensional
wavelet transform, obtaining the low-frequency components and high-frequency
components by third-order decomposition and fourth-order decomposition of
the image by wavelet function, extracting the ROI feature vectors after different
filter combinations, performing distance criterion operation on the extracted
feature vectors, and combining different feature vectors for retrieval rate calcula-
tion. The experimental results show that the highest retrieval rate for the com-
bination of feature vectors of absolute value mean, kurtosis, variance, roughness
and smoothness is 0.9374 for ROI images using pkva and pkva filter combina-
tions for four scales of transformation. The retrieval system is to better extract
feature vectors and lay the foundation for palmprint image recognition and ap-
plication. This system still has a lot of room for improvement, and the speed and
retrieval rate of palmprint processing can be better improved by continuously

improving wavelet transform and feature extraction methods.
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