Processing of Features in Vein Images
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ABSTRACT: We have assessed the features of some finger vein databases available in this work. The intention is to find the
quality of images and other features such as contrast, sharpness and possible noise. We report these assessment work in terms
of quantity data. The results help to find the distribution of visual images of the veins that can do recognition. We have given
outline about the impact of the research on the processes such as image segmentation.
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1. Introduction

Finger vein recognition becomes more popular in the recent years as additional modality available in biometric systems [1- 7]
that could be used separately or in combination with other modalities. Vein patterns captured in two-dimensional image repre-
sentation by illuminating human finger either from above relying on transmissive principle or from below based on diffusive
scattering and reflectance with near infrared light provide a number of advantages compared to other biometric features [2]. First
of all they are considered unique for every human even between twins [3]. Since finger veins are located under the skin there is
less probability for visual change over long period of time and in parallel to that the current outer condition of the finger is of no
importance to the capturing process, e.g. whether it's dry, wet or contaminated [4]. The vein patterns are permanent with aging.
Like other features they allow to check the liveness of the sample, i.e. it's an effective measure against forgery [6]. The
authentication is eased by the contactless way of acquisition. It is also thought to be zero-valued as for the Failure to enrolled
rate (FER) and along with its other benefits qualified as highly secure and reliable.
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Since a set of promising algorithms for finger vein recognition were proposed in the last decade [1-4] and still there are currently
introduced enhancements to them a unified approach is needed for estimation of their overall performance and applicability to
the practice. Considered as appropriate for incorporating in electronic passports and additionally assuring robust personal
identification together with facial and fingerprint recognition [7] especially in the variable conditions in developing countries [5]
a suitable database of finger veins needs to be selected as a starting point for the foundation of such unified testing framework.
It should have a variety of abundant properties such as wide range of covered ages for the volunteers, equally spread from
youngsters to elderlies with equal presence between men and women. Different nationalities preferably from all continents are
desirable to participate. Also, more captured fingers from both hands would assure better selection of the proper ones for
application and better evaluation of the tested algorithms will be made although the index and middle fingers are thought to be
the most promising followed by the ring finger and much less attention is directed to the thumb and little finger. A few captures
should be made of all selected fingers for testing with positional variations and partly such for the illumination conditions
aiming to resemble real-case scenarios. Proper indexing preferably in the form of a related database and/or following specific xml
schema is another requirement for efficient access while testing. All these features along with the objective measures for image
quality are going to be evaluated below in this paper.

In Section 2 description is given for each of 5 evaluated databases, in Section 3 - quantitative analysis of the quality of the
images from them and some considerations based on subjective inspection, and then in Section 4 a conclusion is made.

2. Evaluated Databases

SDUMLA-HMT database [8] is presented in 2010 by the Group of Machine Learning and Applications from Shandong Univer-
sity (SDUMLA) as a Homologous Multi-modal Traits (HMT) set. It consists of face images incorporating 7 view angles, finger
vein images including 6 fingers per individual, iris images from a single sensor and fingerprint images obtained with the use of
5 different sensors. All this multimodal data is collected from 106 individuals. It is considered by its collectors as the first open
database of this kind. The capturing device used for the finger vein images was developed by the Joint Lab for Intelligent
Computing and Intelligent Systems of Wuhan University. Each participating individual in the collection process provided an
image of his/her index, middle and ring fingers from both hands for totally 6 times. Thus 3816 images were gathered in bmp format
with resolution of 320x240 pixels resulting in 0.85 GB database size.

The Hong Kong Polytechnic University Finger Image Database [9] has been gathered since April 2009 aiming large scale
bundling of finger vein images publicly available for research. Along with the finger vein images finger surface texture images
were also acquired from both male and female volunteers - a process which ended in March 2010 followed by database release
in September 2010. A contactless capturing device was used producing 6264 images from 156 individuals in bmp format. Around
93 % of the subjects were below 30 years of age at the time of the collection. It was done in 2 sessions separated from 2 to 6
months apart in each of which 6 images of the finger vein patterns of the index and middle fingers of the left hand and 6 finger
texture images or 24 images totally per subject.

Idiap Research Institute in Martigny with the assistance of Haute Ecole Specialisee de Suisse Occidentale in Sion, Switzerland,
developed the VERA finger vein database [10]. It consists of 440 images from 110 subjects. An open finger vein sensor [11] was
used for the purpose. Both index fingers were scanned of each subject in two sessions following in 5 minutes one after the other.
Forty women and seventy men between 18 and 60 years old volunteered in the process. Images are in png format with resolution
665 x 250 pixels with an average size of 80 kB per file.

Another effort for free finger vein database for academic use was made by the Tsinghua University by putting together Finger
Vein and Finger Dorsal Texture images (THU-FVFDT) [12]. All images were taken from 610 subjects in two sessions separated by
a period from a few dozens of seconds up to a week where four finger vein and four finger dorsal texture images were captured.
In the publicly available version of the database only one of these four images of each type is offered since the difference with
the rest three is considered negligible. The resolution is 720 x 576 pixels and consequently a Region of Interest (ROI) was
introduced with a size of 200 x 100 pixels covering the veins' area for each picture.

Incorporating information for the finger veins along with finger geometry it becomes possible to verify unimodal or bimodal
(fusion of vein data with outer shape of the fingers) biometrics systems as it is done in the Finger Vein UniversitiSains Malaysia
(FV-USM) database [131.A ROI was also introduced in it for the veins to be used in algorithms' testing and comparing. Totally
of 123 volunteers participated in the data collection of whom 83 were males and 40 females, mainly staff and students from the
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UniversitiSains Malaysia Their age ranges from 20 to 52 years. Four fingers were captured - left index, left middle, right index and
right middle which led to obtaining of 492 classes. Six snapshots were made for each finger in one session and after more than
two weeks period the capturing was repeated and thus 5904 images were gathered as a result, with 2952 images from each
session Resolution is 640 x 480 pixels with 256 shades of gray per pixel.

3. Database Image Properties

In order to evaluate quantitatively the images from the databases described in Section 2 here the approach described in [14] is
employed where the following parameters are found on average for each one:

P-1M-1N-1
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where 7 is the average intensity of the images; P - their number in the current database; A and VN - the dimensions of the images
from it in number of pixels.

The intensity /(i j) for the current spatial position (7, j) where i =0, M-1 andj =0, N -1 is changing between 0 and 255, i.e. in 8 bpp
scale representing single tone variability.

Secondly, the average Root-Mean-Square (RMS) contrast C for a whole database is found based on the definition
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Lastly, the average image entropy E, again for a whole database, is found using the following expression
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where 4 is the probability for particular intensity / to occur inside the image.

Sample images from the tested databases are given in Figure 1.

The results from calculating (1)-(3) for all 5 databases described above are given in Table 1. The average intensity for the
SDUMLA-HMT and HKPUFID are the same as those estimated in [14] but the average contrast and entropy differ since the
calculations are performed for the images as a whole here rather than using mosaicking windows.

First of all, an impression makes the significant difference for the mean intensity between FV-USM from below as minimum and
HKPUFID as maximum more than 7 times. The other three databases are scattered in between at more than 2 and 4 times higher
than the darkest set Obviously the intensity of the LEDs used and the sensitivity of the receiver influence considerably the
quality of the images in general. Darker images not necessarily mean worse quality. As the average contrast shows no more than
just 3 levels is the difference with the highest value for the SDUMLA-HMT in comparison to FV-USM and less with the others.
From Figure 1.e it is visible that there are no surrounding flashes from diffuse scattered light around the finger contour for FV-
USM and the contrast itself is decent as a subjective estimate. Not that is the case for the images from Figure 1.b, ¢, and d —
considerable side illuminations are present which possibly could affect the recognition process further without additional pre-
processing. Parts of the support equipment are also visible in the Figure 1.a, b and d which is desirable to be removed before
further processing possibly at the stage of finger contour detection.

Similar is the case for the average image entropy (Table 1) — there is less than 2 levels deviation among evaluated databases —
from 5.48 to 7.37. Nevertheless, of the presence of uneven background due to scattered light, sustaining elements or other
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Figure 1. Sample finger vein images from: a) SDUMLA-HMT, b)

factors the homogeneity of the image structure is affected mostly by the blood vessels pattern and the smooth intensity change
introduced by finger bones and tissue. It is a positive factor which indicates the possibility for higher recognition rates when
combined with proper normalization procedures.

Parameter SDUMLAHMT | HKPUFID VERA | THUFVFDT FVUSM
Average Intensity 5551 191.33 11951 | 5349 26.78
Average Contrast 10.72 10.06 961 8.09 767
Average Entropy 6.85 622 737 5.66 548

Table 1. Evaluated finger vein databases parameters

Detailed examination of the structure of the finger region inside tested images and the surrounding area poses additional
considerations about the quality of veins’ structure (Figure 2). For the first two cases — excerpts from the SDUMLA-HMT
(Figure 2.a) and HKPUFID (Fig. 2.b) there are significant portions of the finger area that possess almost even distribution of
intensity for both darker and lighter areas. The presence of these isles as they could be called lead to smaller local contrast which
in turn makes the veins’ pattern less distinctive over the tissue surroundings. This effect is considerably suppressed if not
absent at all for the VERA, THU-FVFDT and FV-USM databases (Figure 2.c, d and e). Although for the latter two the average
entropy is smallest the intensity change around blood vessels has its repetitive nature underlying better their path. Various
reasons may cause such differences among examined databases — from unsatisfactory set saturation levels (calibration) of
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sensitivity for the sensors accompanied by unwanted reflections from adjacent structures, through unsatisfactory initial image
transformation, e.g. inappropriate intensity modification curve, or particular properties of the selected file format (mostly
predetermined by the coder at use) for permanent storage as well as other factors. All of them should be carefully examined at the
stage of design and implementation of the experimental setup for gathering the database and only as exception post-processing
after the final files had been written would be recommended for further enhancement of image quality.

[l
500

Figure 2. Intensity distributions of sample finger vein images from: a) SDUMLA-HMT, b) HKPUFID, c¢) VERA,
d) THU-FVFDT, e) FVUSM databases

Image compression especially block-based owned such as the JPEG algorithm may additionally, increase the effect of lowering
the local contrast around veins. Since image dimensions are relatively small — of about 100x200 pixels or so for the Region of
Interest (Rol) where the vessels are located and because of their repetitive structure with smaller number of intersections and
small overall contrast it would be recommended to use some other compressor preserving more naturally continous tones along
separate directions such as the JPEG-2000 for example. Indexed-based formats, e.g. GIF, are also less perspective for such
application. Ofcourse, the optimal solution disregarding content size is to store data in a raw stream or in a popular uncompressed
format such as the BMP as in some of the databases described here.

Noises are other aspect of the quality assessment of the finger vein database images. They are related with the magnitude
fluctuation of the near-infrared light flow used for capturing the image and the level of thermo generated currents inside the
sensor. Due to the absence of raw data obtained with another type of illuminator and detector it is impossible to have quantita-
tive estimation for their level and change over time with modifications of the experimental setup. Visually a partial evaluation
could be done, e.g. from Figure 1 it is observed that with the lowering of the contrast (case d) and e)) the noise level is
perceptibly higher (than that of the case for a) — c)). The selection of optical gathering system with appropriate filtering
properties is another aspect to be considered when designing the complete finger vein sensor.
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4. Conclusion

In this paper evaluation is presented for 5 popular finger vein databases. It is based on objective comparison considering the
average brightness, contrast and entropy of the images from each database as well as on visual inspection of the vein patterns
captured, present noise, distortions and other factors concerning the overall perception of the content closely related to the
recognition accuracy when identification stage takes place later. There is no particular parameter on which one can rely for
simple selection of one database over the other for higher degree of confidence at testing newly developed recognition
techniques. Moreover, it is desirable to have images with implied imperfections such as higher noise level, distortions, diffused
light, etc. in order to try unrepresentative capturing conditions which may be valid for some type of sensors from the practice.
Useful directions for improving the capturing process are given in addition to the analysis of the factors leading to poor quality
finger vein images which may be particularly effective for sensors design and their continuous exploitation.
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