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Detection of palm vein pattern through image processing techniques is an
open problem as performance of each technique is closely related to the
sample image gathered for the processing. The detected palm vein pattern is
useful for further analysis in biometrics application and medical purpose.
This paper aims to investigate the application of Laplacian filter and Frangi-
based filter in detecting vein pattern contained in a near infrared illuminated
palm image. Both filtering techniques are applied independently to two palm
image databases to compare their performance in translating vein pattern in
the image visually. Through empirical study, it is observed that Laplacian
filter can translate the vein pattern in the image effectively. But pre-
processings involved before the application of Laplacian filter need to be
performed to accurately translate the vein pattern. The implementation of

Near infrared palm image
Palm vein pattern detection

Frangi-based filter, while simplifying the detection process without the need
of extra pre-processing, resulted in only certain vein pattern detected. Using
pixel-by-pixel objective assessment, the rate for Laplacian filter in detecting
vein pattern are generally more than 85% compared to Frangi-based filter;
where it ranges from 60% to 100%.
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1. INTRODUCTION

Palm image captured by the help of near infrared (NIR) illumination contained palm vein pattern
information which is unseen through direct human visualization. The vein pattern can be unveiled using
various combination of image processing techniques [1], depending on requirements of the extraction
process. Direct translation of palm vein pattern from a NIR palm image is useful especially in biometrics and
medical application. In biometrics, palm vein pattern for each person had been proven to have high
distinction making it one of favourable modality for identification [2], [3]. In medical, visualization of vein
pattern is useful for ease of venipuncture process and educational purpose [4], [5]-

Previous works on vein pattern mostly covered the extraction of vein pattern acquired from the
back-of-hand [6], [7], fingers and wrist area [8], for biometric matching performance but not for vein
visualization purpose. In the case of back-of-hand vein pattern extraction, a group of image processings had
been done to detect the vein pattern which are gray level normalization, Gaussian and median filtering (noise
reduction), NiBlack method (segmentation) and thinning [6]. In other works, 2-D Gaussian filter had been
used for noise reduction, in addition to image normalization, local adaptive thresholding and thinning
algorithm for back-of-hand vein pattern extraction [9]. Gaussian and median filtering had also been reported

Journal homepage: http://iaescore.com/journals/index.php/ijeecs



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 579

to be used for back-of-hand vein extraction in other works, in addition to segmentation and skeletonization
algorithm [10]. In finger and wrist vein extraction, three different segmentation approach that are active
contours, Otsu thresholding and Frangi-based filter had been tested in a work that compares the biometric
matching performance [8]. In wrist vein extraction, a group of image pre-processings had been implemented
to detect the vein pattern using adaptive non-local means, nonlinear diffusion algorithm (noise reduction and
edge enhancement), and Frangi-based filter [11]. None of the mentioned works addressed the vein pattern
visual interpretation directly as the highlight in the work is on the biometric matching performance.

Although there are numerous filters and techniques available for vein pattern extraction, this paper
compares only two of the filtering methods that can visually extract palm vein pattern from a NIR palm
image. The two filtering methods are Laplacian filter [12] and Frangi-based filter [13]. The two filters are
chosen based on their difference in operation, in which the first one aims to detect edges in an image, while
the latter had been specifically developed to detect vein pattern in medical-related images. These two filters
are compared because of its ease of implementation in extracting vein pattern, besides its straight-forward
operation in extracting line and edges in an image. With the aim to extract palm vein pattern visually, the
approach in executing both filtering techniques on NIR palm images will be demonstrated in this paper.

1.1. Laplacian Filter

Laplacian filter is one of edge detection processing that is commonly used for image segmentation.
It detects edges by finding second-order derivation of an image function [14]. Edges in an image will be
detected if there is any extreme shifts between the neighbouring pixel values. The second-order derivative for
Laplacian filter is calculated by equation (1) as follows:
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Where:  Li(x,y) = Laplacian value of a pixel at location (x,y) in image |
| = Input image

1.2. Frangi-based Filter

Frangi-based filter or also known as Frangi vesselness filter, is originally designed for filtering vein
pattern in two-dimensional X-ray medical images and three-dimensional volumetric magnetic resonance
angiography images [15]. It is derived from eigenvalues of Hessian matrix analysis in measuring the local
orientation to interpret vascular geometric properties of an image as in equation (2) [15]. Frangi-based filter
is initially developed for vein pattern that appear as bright structure in dark background. Details for each
parameter in equation (2) are as discussed in its implementation for forearm vascular pattern recognition
purpose [13].

0, ifa, <0 )
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Where: Fi(s) = Frangi-based measure of vessel-like features in image |
Ry = % eigenvalues / blobness measure in two-dimensional image
S = sécond-order structureness of Hessian matrix norm
B c = thresholds for filter sensitivity control

2. IMAGE FILTERING IMPLEMENTATION

A total of 2400 NIR palm images are used for the filtering implementation executed by OpenCV-
Python environment [16]. Both filtering process are implemented on two NIR palm image databases that are
obtained from the Chinese Academy of Sciences’ Institute of Automation (CASIA) [17] and the Hong Kong
Polytechnic University (PolyU) [18]. The two databases information are as detailed in Table 1.

Table 1. Detail of Palm Image Databases Used for Filtering Demonstration.

Database Number of Subjects Hand/Session Number of Samples Total Images
CASIA 100 Right-hand 6 600
Left-hand 6 600
PolyU 100 First-session 6 600
Second-session 6 600
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Laplacian filtering is performed following the execution of a set of image pre-processings as
illustrated in Figure 1. This is because, direct implementation of Laplacian filter on raw palm images will
reveal extra information in the image such as palm print, palm lines and palm creases besides the palm vein
pattern. The image pre-processings will ensure that only palm vein pattern will be highlighted in the palm
image. The image pre-processings shown in Figure 1 are extraction of Region-of-Interest (ROI), Contrast
Limited Adaptive Histogram Equalization (CLAHE), bilateral filter and morphological dilation operation.
Each of these pre-processing has its own parameters that requires adjustment to ensure its applicability in
enhancing the image contrast and reducing noise for the implementation of Laplacian filter later on.

Raw palm image
from database

1
' Region-of- L |  Contrast Limited [®| Bilateral [~ Morphological g Laplacian
! Interest Adaptive Histogram Filter Dilation Operation ' Filter
! Extraction Equalization ' ¢
1 1
1

Image pre-processing Palm vein pattern image ||
(translated visually)

Figure 1. Laplacian Filtering Implementation Steps

On the other hand, Frangi-based filter is executed on raw palm images directly after an ROI
extraction process as shown in Figure 2. This is because, additional image pre-processings as in Figure 1 will
distort the extraction of vein pattern by the application of Frangi-based filter later on. Besides, derivation of
Frangi-based filter is motivated by the intention to extract vein pattern from medical images. Its derivation
had already included the image contrast and noise reduction techniques in the formula. Hence, the
implementation steps for Frangi-based filter in extracting palm wvein pattern had been reduced to the
processes as illustrated in Figure 2. In terms of computational cost, Frangi-based filter is economical than
Laplacian filter implementation as it does not require extra image pre-processings.

Region-of- Frangi- |
|| —> Interest —»|  based — -
Extraction Filter

Raw palm image - Palm vein pattern image
from database Image pre-processing (translated visually)

Figure 2. Frangi-based Filtering Implementation Steps

3. RESULTS AND ANALYSIS

Outcomes of the image filtering are as demonstrated in Section 3.1. Section 3.2 discusses the results
of filtering implementation by comparing the rate of similarity through pixel-by-pixel detection of palm vein
pattern detected.

3.1. Filtering Demonstration

The implementation of filtering processes resulted in sample outcomes as compiled in Figures 3-6.
The raw palm images in both Figures 3 and 4 are chosen from the same subject to compare the translated
vein pattern after the filtering process. It can be seen that both filtering process are able to detect palm vein
pattern visually from the CASIA’s NIR palm image, but the difference lies in the types of vein pattern
extracted. While most vein pattern is detected through Laplacian filter, Frangi-based filter mostly detect
large-sized vein pattern in the image.
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(a) Random Sample 1 (b) Random Sample 2 (c) Random Sample 3 (d) Random Sample 4

Figure 3. Palm Image from CASIA Database Before and After the Implementation of Laplacian Filter

(a) Random Sample 1 (b) Random Sample 2 (c) Random Sample 3 (d) Random Sample 4

Figure 4. Palm Image from CASIA Database Before and After the Implementation of Frangi-based Filter

Observing the translated vein pattern from PolyU’s NIR palm image in Figure 5 and 6, its
performance is as spotted in CASIA database. Most vein pattern in Figure 5 can be detected visually by
Laplacian filter implementation, while Frangi-based filter mostly detect large-sized vein pattern in the image
(Figure 6). Both Figures 5 and 6 use the same raw palm image from PolyU database to compare the filters’

ability in translating the vein pattern visually.
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(a) Random Sample 1 (b) Random Sample 2 (c) Random Sample 3 (d) Random Sample 4

Figure 5. Palm Image from PolyU Database Before and After the Implementation of Laplacian Filter

(a) Random Sample 1 (b) Random Sample 2 (c) Random Sample 3 (d) Random Sample 4

Figure 6. Palm Image from PolyU Database Before and After the Implementation of Frangi-based Filter

3.2. Discussion and Analysis

To further illustrates the performance of both filtering techniques in detecting palm vein pattern, a
pixel-by-pixel comparison of the detected vein pattern is done with a reference palm vein pattern images. The
pixel-by-pixel comparison is chosen as the assessment method to check if the same vein pattern had been
extracted every time the filtering techniques are implemented on the vein image. The reference palm vein
pattern for each subject (100 subjects) is constructed by averaging the detected palm vein pattern image (six
samples per subject) using each filtering technique. The comparison rate are as presented in Figures 7-10 for
the six samples of each subject. While the similarity rate for vein pattern extracted by Laplacian filter ranges
around 90-97% for CASIA database (Figure 7), the similarity rate for Frangi-based filtered image ranges
around 70-97% (Figure 8).
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Rate of Similar Detection for Right-Hand Palm

Rate of Similar Detection for Left-Hand Palm
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Figure 7. Rate of Similarity for Pixel-by-Pixel Detection of CASIA Database After Implementation of
Laplacian Filter for (a) Right-Hand Palm, and (b) Left-Hand Palm
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Figure 8. Rate of Similarity for Pixel-by-Pixel Detection of CASIA Database After Implementation of
Frangi-Based Filter for (a) Right-Hand Palm, and (b) Left-Hand Palm

The similarity rate for PolyU database ranges around 85-95% for Laplacian filtered image (Figure
9), while for Frangi-based filtered image; the similarity rate is around 60-100% (Figure 10). If the average of
similarity rate is observed, the result is as tabulated in Table 2. From the average similarity rate compiled in
Table 2, the Laplacian filter has higher ability to accurately detect the same vein pattern than Frangi-based
filter. But in translating the vein pattern visually, both filtering techniques can detect the vein pattern in the
NIR palm image in its own way.
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Figure 9. Rate of Similarity for Pixel-by-Pixel Detection of Polyu Database After Implementation of
Laplacian Filter for (a) First-Session Palm, and (b) Second-Session Palm
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Figure 10. Rate of Similarity for Pixel-by-Pixel Detection of Polyu Database After Implementation of Frangi-
Based Filter for (a) First-Session Palm, and (b) Second-Session Palm

Table 2. Average Rate of Similarity Percentage for Pixel-by-Pixel Detection for Both Filtering Techniques

Database Hand/Session Filtering Technique Average Rate of Similar Detection (%)
CASIA Right-hand Laplacian 95
Frangi-based 89
Left-hand Laplacian 96
Frangi-based 89
PolyU First-session Laplacian 90
Frangi-based 80
Second-session Laplacian 91
Frangi-based 80

4. CONCLUSION

Based on outcomes compiled in Section 3, both filtering techniques have the ability to detect palm
vein pattern from a NIR palm image, but the difference lies in the type of vein pattern detected. While
Laplacian filter detect vein pattern contributed by all vein sizes, Frangi-based filter detects only large-sized
vein and highly affected by the illumination error acquired in the raw palm image. Even so, the
implementation of Laplacian filter required additional image pre-processings to be executed on the raw palm
image. With the image pre-processings, only then the Laplacian filter can accurately detects vein pattern in
the image. In contrast, Frangi-based filter implementation does not need additional pre-processings to detect
palm vein pattern in a NIR palm image. But the detection of vein pattern in Frangi-based filtered image are
affected by illumination radiated during the acquisition process. Uneven illumination in the acquired image
will give inaccurate extraction of vein pattern in the Frangi-based filtered image.

Depending on application, both filtering techniques have their own strengths and disadvantages.
Translated vein pattern by Laplacian filter is more favourable for biometric application since it is rich in
information that can be used as matching features. In areas where the visualization of vein pattern is more
important, Frangi-based filtered image is just as sufficient. Perhaps the implementation of Frangi-based filter
can be further improved so that the detected vein pattern is of the same size as its original vein pattern
localized in the raw palm image. Improvement may includes implementation of necessary pre-processing or
post-processing that can preserve the vein pattern size detected by the filtering technique. Other than that,
image acquisition device and its process can be further enhanced, such that it can capture vein pattern
information accurately without interference from the illumination used or other noises during the acquisition
process.

With that, it is hoped that the findings presented in this paper can give some guidelines and ideas for
researchers with the same interests to decide the appropriate filtering techniques for their intended vein
pattern application.
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