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Abstract— This document reports the investigation result of
chronological changes effect in the vein information of growing
children between the ages of 4 to 14 who were followed up for up
to 12 years. The author studied changes in vein patterns in 20
subjects who were able to observe their veins annually for 12
years and more than five years throughout 12. Hand size was
measured as an index of growth and compared the images of the
vein patterns on an annual basis. Comparing results of the
annual vein pattern images showed that the vein pattern during
the growth process gradually changes, and the amount of
observable vein information increases. However, the structure of
the basic vein pattern remains the same.

I INTRODUCTION

Biometric authentication is a personal identification
technology that identifies individuals based on physical
characteristics, such as the face, fingerprints, and iris, and
behavioral characteristics, such as voiceprints and signatures.
While other personal authentication technologies that use
passwords and ID cards pose security risks such as theft, loss,
and loan to others, biometric authentication has the advantage
that it is difficult to impersonate someone by theft or
counterfeiting. As security awareness increases in recent years,
biometric authentication technologies are being used in
various fields, and it is expected that the scope of the
application will expand in the future.

Vein authentication works by comparing the vascular
pattern under the skin, which are unique to each individual.
Since wvascular patterns exist inside the body, vein
authentication has some advantages over other biometric
techniques:

1. Tt is less susceptible to changes in the user's hands and
environment, such as skin contamination. Thus, stable
operation can be realized.

2. The vein pattern, which is the authentication feature,
cannot be seen with the visible light usually seen by
humans. This means that it is difficult for a malicious
third party to steal authentication features without
being noticed by the person. This is an essential feature
in the authentication field where high security is
required.

3. Vein authentication can be performed in a non-contact
manner. Users can authenticate without touching the
authentication device main body. This is an advantage
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of hygiene and psychological security in an
authentication device used by the public.

Vein information can be obtained from various body parts,
but it is currently mainly used in the veins around the hands,
palms, fingers, and back of the hands [1]. Here, we focus on
the palm vein. The palm vein has the following advantages
compared to other parts. First, the palm is larger and has a
more random pattern of running blood vessels than the fingers.
In addition, compared to the fingers, the palm is less affected
by coldness, even in cold weather. As a result, high
authentication accuracy can be stably realized without
depending on environmental conditions. Compared to the
back of the hand, the palm has the advantage of allowing the
authentication operation to be performed naturally. In addition,
the back of the hand is often blocked by a large amount of
body hair, making it challenging to be authenticated, but the
palm does not, so it is used for various purposes because
anyone can use it. Application to a wider age group, e.g., to a
younger age group such as a child, has been desired with the
spread of applications.

Facial and fingerprint biometrics have long been the subject
of research, and there are some examples of such biometrics
that span a wide range of ages. Regarding fingerprints, Jain et
al. examined infants' fingerprints, and showed that children
even at the age of 0 could be collected and recognized even
when they are older [2]. Galbally et al. studied fingerprint
quality over a lifetime and showed that fingerprints could be
classified into four age groups according to quality [3].
Preciozzi et al. show that fingerprints of children and adults
can be matched [4]. As for faces, Ginoya et al. reported on
face recognition at different ages, and is conducting a survey
including the age of children [5]. There is also a study on
facial recognition of very young children such as toddlers and
pre-school children [6,7].

On the other hand, the vein pattern is said to be constant
throughout life [8], but most tests are for adults, and there are
few studies on growing children. Lu et al. reported on
constructing a database of finger veins for a wide range of age
groups but did not include data for people under ten years [9].
Cao et al. built sensors for the dorsal veins of the hand and
collected data from a wide range of age groups. The data set
includes about 74 children under the age of six and evaluates
the accuracy of authentication for these children [10]. Tome et
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al. constructed and opened a dataset for the palm vein, but it
does not include patients under 18 years of age [11].

A data set is needed to study the palmar veins of children.
Few publicly available veins databases [11, 12, 13], and
children are not included. We are interested in the palm veins
of growing children. So, we collected our own data and
analyzed it.

II.  DATA ACQUISITION

A total of 20 subjects were recruited each year, mainly at
the age of 4 to 14 years during the growth period, and vein
images were collected annually for 12 years. However,
participants were not always able to participate annually, and
they were replaced after age 14. Of the 50 individuals
collected over 12 years, 20 individuals for whom data were
available for more than five years were used for evaluation. In
addition, one individual was selected among them; image vein
was observed once a week for eight years from the age of 6 to
13.

A method of capturing a vein image of a data set will be
described. No special equipment was used to capture, and

general camera and illumination on the market were used. Fig.

1 shows a configuration of a capturing system.

Fig. 1 Capturing system

A USB-connected IR camera with a resolution of VGA or
higher and an 850 nm light ring illuminates the palm against a
black cloth on a desk. The right and left hands were captured
several times separately. Fig. 2 is an example of a vein image
captured by the imaging system of Fig. 1.

III. EVALUATION PROCESS

A.

overview

The collected vein images are subjected to image
processing to extract and compare the vein pattern. The goal
is to investigate trends in the children’s veins, not to develop
algorithms specifically for them. Therefore, the processing
methods from extraction to comparison were realized by
combining the general algorithm, which is open to the public
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Fig. 2 Capturing sample

without any contrivance. The processing method is described
below.

B.  pre-processing

As pre-processing of extraction and comparison of vein
patterns, determination of ROI for extraction and key point
setting for collation alignment are performed.

In previous studies, a rectangular region was defined as the
ROI based on key points [14, 15]. However, because this
paper aimed not to investigate local vein information but to
investigate chronological changes in vein information of the
entire palm, key points were used only for alignment.
Following the precedent case, the key points were between
the index finger and the middle finger and between the ring
finger and the little finger (Fig. 3 (a)). This time, some of the
images were not in good condition, so they were
automatically determined and then corrected manually. In the
following processing, the image size is normalized by the
interval of the critical points to normalize the resolution
parameters.

To determine the ROI, the hand region is first extracted.
Since the image is taken with a black cloth placed on it, the

(a) (®)
(©) (d)

Fig. 3 pre-processing: (a) Key point, (b) binarized image, (c)
opening by Morphological Transformations, (d) final ROI by
erosion of (c)
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area of the hand can be determined by simple binarization.
The binarization threshold was determined by Otsu's
algorithm [16] (Fig. 3 (b)). Then, the fingers and wrists are
removed by opening (erosion and dilation) using an elliptical
kernel, and a mask of the palm part is created (Fig. 3 (c)).
Finally, the mask is eroded by a smaller elliptical kernel to
provide a final ROI (Fig. 3 (d)) so as not to capture the
contours of the palm in the vein extraction process.

C. extract vein pattern

As methods for extracting vein patterns, algorithms using
Gabor filters [17, 18, 19] or Miura's algorithm [20, 21] have
been proposed. However, in this paper, we extract vein
patterns using Sato [23], which is one of the commonly used
Ridge filters [22, 23, 24] implemented in the scikit-image
library (Fig. 4 (a)).

D. comparison

The normalized cross-correlation ZNCC (Zero-mean
Normalized Cross-Correlation) between the enrolled pattern
and the comparison pattern was calculated. The correlation
value obtained was used as an evaluation index. A correlation
coefficient R (x, y) is calculated for a comparison pattern
image I (x, y) of an image size W x H and a enrolled pattern
image T (i, j) of an image size w x h. The maximum value of
R (%, y) is set as a correlation value.
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When calculating the correlation value, the position,
rotation, and scale are combined by the Affine transformation
so that key points of the enrolled pattern and the comparison
pattern overlap. However, since the key points include errors
due to finger opening or other factors, the highest correlation
value is determined as the final value by scanning the position,
rotation, and scale from the first aligned position (Fig. 4 (b)).

(a) (b)

Fig. 4 extraction and comparison of vein pattern: (a) extracted
pattern by Sato-filter, (b) comparison patterns before alignment
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IV. EVALUATION RESULT

Fig. 6 and 7 show the results of hand width and correlation
values obtained for 40 hands of 20 persons by the method
described above. The hand’s width is the value manually
measured from the image taken simultaneously with the hand

(Fig. 5).

ruler

Figure 5. measuring of hand width

The hand width has continued growing throughout the
survey period, and the correlation value has also been
changing overall. Because the growth of subjects varies with
age, and the imaging conditions (hand posture) vary with each
sample, annual measurements show large distributions and
only general trends, but some changes in the vein pattern
occur during the growth of the body, and the correlation value
decreases with that changes.
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As reference information, Fig. 8 shows a case in which data
was collected once a week by picking up only one child. The
figure shows that hand width and correlation values change
from 5 to 10 and a half years of age, but after that, both hand
width and correlation values changeless. Since the data are
only for one child, the accuracy is not high, but it can be said
to be an example that the change of the correlation value
corresponds to the body.
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Fig. 8 hand width and correlation value

In order to investigate what kind of change occurs in the
vein pattern during the growth process of the body, one case
of vein patterns were picked up in Fig. 9.

@) (b) © ©)

Fig. 9 an example of extracted vein image: (a) 5 years old, (b) 8 years
old, (c) 11 years old, (d) 14 years old

In Fig. 9, vein patterns of ages 5, 8, 11, and 14 were picked
up from the observation period of 5 to 14 years of age.
Changes can be seen in which veins, which were visible only
thinly at an early age, become increasingly evident as they
grow. For example, in Fig. 9, the pattern of the portion
surrounded by a red circle is gradually clarified. The vein
pattern does not change shape but gradually becomes larger,
and more observable. In the case of preschool children around
five years of age, as shown in Fig. 9 (a), the veins may be
underdeveloped and it may be challenging to observe them,
but in many cases, they can be observed by the time as they
grow.

Another example is shown in Fig. 10. Fig. 10 shows the
case of a slightly elder child, picking up the vein patterns of
ages 10, 12, and 15 from the observation period of 10 to 15
years of age.

Again, we can see how the vein pattern gradually becomes
more distinct. In this case, there is a common vein at all ages,
and the structure of this common pattern does not change as it
grows, and the veins visible from the beginning can be
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(b)

Fig. 10 an example of extracted vein image: (a) 10 years old, (b)
12 years old, (c) 15 years old
identified as it grows. On the other hand, there is a change in
which veins, which were seen only thinly at a young age,
gradually become evident as they grow. For example, it can
be seen that the pattern of the portion surrounded by a red
circle in the figure is gradually becoming clear.

It is reasonable to assume that the pattern becomes clear
because cardiopulmonary function develops with growth and
veins become thicker. However, the exact reason is not
addressed in this paper because the medical investigation is
required. From the perspective of vein authentication, it is
important that the number of veins that can be observed
increases with growth and the correlation value changes.

Show the analysis from a different angle. Fig. 11 shows
the result of obtaining a correlation value between the data on
the same day of enrollment. Figure 12 shows the result of
obtaining a correlation value between the data compared after
one year from the enrollment. In the same day in Fig. 11,
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there is a high correlation, but it tends to become more stable
as age increases. As shown in Fig. 9 and 10, it can be assumed
that the higher the age, the greater the growth and the greater
the amount of vein information. Fig. 12 shows that the
correlation value has declined significantly after one year. It
can be considered that the pattern change (increase), as shown
in Fig. 9 and 10, occurs in the growth process, and the
correlation value decreases.

V. CONCLUSION

Twenty subjects aged 5 to 14 years were followed for more
than 5 years for the effects of aging on palm vein images.

It was found that the correlation value of vein patterns
changed during growth, and the correlation value tended to
settle as growth became saturated. Visual inspections of the
collected images confirmed that this was because the amount
of vein information images became more apparent over time,
and the amount of visible vein information increased with
growth. However, the structure of the basic vein pattern did
not change with growth.
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