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Near-infrared image formation and processing for the extraction of hand veins
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The main objective of this work is to extract the hand vein network using a non-invasive technique in the near-
infrared region (NIR). The visualization of the veins is based on a relevant feature of the blood in relation with
certain wavelengths of the electromagnetic spectrum. In the present paper, we first introduce the image formation
in the NIR spectral band. Then, the acquisition system will be presented as well as the method used for the image
processing in order to extract the vein signature. Extractions of this pattern on the finger, on the wrist and on the
dorsal hand are achieved after exposing the hand to an optical stimulation by reflection or transmission of light.
We present meaningful results of the extracted vein pattern demonstrating the utility of the method for a clinical
application like the diagnosis of vein disease, of primitive varicose vein and also for applications in vein
biometrics.
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anisotropic diffusion

1. Introduction

The near-infrared region (NIR) is situated in the
electromagnetic spectrum between the visible region
and the mid-wave infrared region (MWIR). The
American Society for Testing and Materials (ASTM)
has defined it as the spectral area extending between
780 and 2500 nm [1]. However, many applications
using these waves for biometrics or medical applica-
tions are carried out between 780 and 950 nm. The use
of NIR light for clinical applications was initiated in
1988 by the work of Cope and Delpy [2]. Their research
had a great impact and was focused on the measure-
ment of blood oxygenation in the brain of premature
babies.

Blood consists of lipids, nutritive components,
proteins and 95% water. Thus, water is the dominant
element of the human tissue and it is known for its high
absorption of photons in the wavelengths between 300
and 1000 nm [3]. Moreover, the most absorbing protein
of NIR light is haemoglobin. Hence, while using a NIR
illuminator in this spectral band, the highest absorp-
tion of this illumination is principally inherent to the
veins. Because of the low absorption of skin and
subcutaneous tissue in the NIR-wavelength range, the
NIR light penetrates these tissues effectively. NIR light
is absorbed or scattered in the forward direction by
blood, whereas it is scattered in skin and subcutaneous
fat [4]. Therefore, blood appears as a dark region,

whereas skin and fat appear lighter. This specificity
brings us to use NIR light and some image processing
tools in order to extract the venous structure of the
hand.

1.1. The acquisition system

For the purpose of this study, a Phoenix Monochrome
Camera, Model PC-1280 (MuTech Corporation,
North Billerica, MA, USA) was employed. This
camera has been chosen first of all for its high
sensitivity to NIR light. In addition, it is a relatively
small portable camera with a spatial resolution attain-
ing 1280� 1024 pixels. Figure 1 shows its spectral
sensitivity. Moreover, in order to be able to measure
the NIR light, an infrared cut-off filter was removed
from the camera.

The experimental setup used to obtain the vein
network is illustrated in Figure 2. It shows an example
of visualization of the finger vein network using a light
projected by an infrared illuminator and transmitted
through the tissue. There are two different infrared
projectors available in our laboratory, emitting in 850
and 940 nm. Images obtained with the 850 nm show a
better contrast, despite the higher power of the 940 nm
illuminator. This is mainly due to the spectral sensi-
tivity of the camera, which is greater around 850 nm, as
shown in Figure 1.
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The NIR light emitted by the optical stimulation is
partially absorbed, diffused or reflected, according to
the analyzed tissue layer. In order to capture only the
NIR light, we inserted a visible cut-off filter in the
optical path of the camera. Three (3) stimulation
techniques can be carried out in order to inspect a
specimen in the NIR spectral region: by transmission,
reflection or transflection.

After carrying out a few experiments for the
purpose of this study, it was concluded that a better
visualization of the veins on the dorsal hand is made
possible by light reflection. This is due to the large
surface and thickness of the hand. As for the visual-
ization of the finger venous network, it is more relevant
to use the transmission of light through the fingers.

The infrared light is partially absorbed by the
hemoglobin, with a difference depending on whether it
is saturated with oxygen (HbO2) or not (Hb). Thus, the
areas just above the blood vessels appear darker than

the surrounding areas. In the following subsections, the
chosen modes for the visualization of the vein pattern
are described.

1.2. The reflection mode

In the reflection mode, the infrared illuminator of
850 nm and the camera are placed side by side in front
of the hand. The camera, which is sensitive to this
wavelength, captures the reflected light from the hand.
Figure 3 shows an example of a vein tree of the wrist
visualized in the NIR region after light reflection.

1.3. The transmission mode

In this mode, the fingers are placed between the camera
and the infrared illuminator of 850 nm. Light passes
through the fingers after successive diffusions.

Figure 2. The experimental setup. Illustration of the light transmission through the finger. (The color version of this figure is
included in the online version of the journal.)

Figure 1. Spectral sensitivity of the Mutech camera. (The color version of this figure is included in the online version of the
journal.)
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The NIR illuminator is placed at a 45� angle to the
surface normal (Figure 2) in order to prevent the light

from passing in between the fingers directly towards the
camera. Consequently, local saturations in the images

are avoided. Figure 4 shows a typical example of
visualization after light transmission through the

fingers.

2. Image processing

The images recorded in the NIR contain not only the
venous structure that we want to extract, but also some

fuzzy areas representing the osseous forms, shades and
some wrinkles.

2.1. Normalization of the illumination in the NIR
image

When using an optical stimulation in order to obtain a
contrast between the vein and the surrounding area, a

non-uniformity of illumination is observed in the
images.

To reduce this light effect, an algorithm based on
the normalization of the local mean and the standard

deviation in the image is applied taking into account
the statistical properties of neighbor pixels. At the

same time, this normalization is also useful to eliminate
the effect of shades.

The mean � and the standard deviation � are first
estimated with a Gaussian kernel by choosing a pixel
neighbourhood region of 5� 5 (Equations (1) and (2)):

� ¼
1

N�M

XN�1
x¼0

XM�1
y¼0

Iðx, yÞ, ð1Þ

�2 ¼
1

N�M

XN�1
x¼0

XM�1
y¼0

ðIðx, yÞ � �Þ2, ð2Þ

where I(x, y) is the intensity of the pixel (x, y) and
N�M is the size of the original image. The � value
indicates the distribution of light intensity throughout
the image. In this case, the resulting image J(x, y) is
given by the operations in Equation (3), processing in
detail the neighborhood of each pixel. In this case,
the resulting image J(x, y) is given by the following
operations (Equation (3)), processing in detail the
neighbourhood of each pixel.

Jðx,yÞ ¼

�d þ
�2d ðIðx,yÞ ��Þ

2

�2

 !1=2

, if Iðx,yÞ4�,

�d �
�2d ðIðx,yÞ ��Þ

2

�2

 !1=2

, if Iðx,yÞ � �,

8>>>>><
>>>>>:

ð3Þ

Figure 3. (a) Visible image, and (b) vein pattern obtained by light reflection on the wrist area. (The color version of this figure is
included in the online version of the journal.)

Figure 4. (a) Visible image, and (b) vein pattern on the image obtained by light transmission through the fingers. (The color
version of this figure is included in the online version of the journal.)
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where �d and �d are, respectively, the desired mean and

standard deviation after normalization for the whole

image. Hong et al. [5] were the first to use this

technique for the normalization of the digital finger-

prints. Figure 5 shows an example of processing based
on the normalization of the non-uniformity in the

image.

2.2. Anisotropic diffusion for the image smoothing
and contrast enhancement

The objective of this filtering is to carry out a

preliminary smoothing of the images without destroy-

ing the edges but on the contrary, to preserve them. In
fact, these edges represent principally the vein curves

that we want to extract. Therefore, it is very important

to smooth the regions that surround the veins and

enhance those representing the vein structure.
The anisotropic diffusion (AD) is a processing tool

that uses a nonlinear filter for the smoothing of the
images [6]. In this technique, the smoothing is formu-

lated as a diffusive process and it is stopped on

boundaries by choosing locally adaptive diffusion

power. This means that the AD filtering uses a variable

diffusion coefficient C in the heat equation that
depends upon the magnitude of the gradient

(Equation (4)).

@ It ¼
@

@t
I �x, tð Þ ¼ div C �x, tð Þ rI �x, tð Þð Þ, ð4Þ

where r is the gradient operator, I is the intensity at
the spatial coordinates �x ¼ ðx, yÞ, whereas t represents

the time-step. In this case, @It determines the modifi-

cation of the image dependent on the time t. To achieve

this diffusion, a decreasing non-linear and non-

negative function is used according to the Perona and
Malik model [7]. In this study, we have chosen the

coefficient given in Equation (5), which verifies all the
properties of this function.

C �x, tð Þ ¼
1

1þ rI �x, tð Þ
�� ��=K� �2 : ð5Þ

The value rI is calculated by building the differ-
ence of two intensity values from each side of the edge
[6]. The flow constant K is used to control the desired
diffusion speed and it obviously has a great influence
on the filter. In order to understand this process, a flow
function is introduced as follows:

� �x, tð Þ ¼ C �x, tð ÞrI �x, tð Þ: ð6Þ

The flow increases when krIk approaches K and
then decreases to zero. Moreover, where krIk�K,
homogeneous intensity areas in the image are kept
since little flow is produced. In a similar way, where
krIk�K, the edges are preserved because the flow is
small. Conversely, the greatest flow is produced where
krIk�K. Therefore, edges can be enhanced when K is
selected slightly less than the gradient magnitude of the
edges.

In summary, when we are in the presence of low
values of the gradient, the diffusion is made with a high
diffusion coefficient. On an area characterized by a
strong gradient, the diffusion is lessened by a low
diffusion coefficient. Furthermore, the flow of the
Perona–Malik diffusivity model reaches its maximum
at krIk¼K/21/2 [6]. Figure 6 is an illustration of the
results obtained after the smoothing with this method.

2.3. Morphological operations

The morphological operations that we applied for the
extraction of the vein pattern use the principles of
image opening and closing [8]. These two standard
techniques are used to obtain the Top-Hat and the

Figure 5. (a) NIR image of the wrist, and (b) image after processing of the non-uniformity of light.
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Bottom-Hat images, which are defined in the
following [8]:

. To detect light objects: TopHat(A,B)¼
A� (A �B);

. To detect dark objects: BottomHat(A,B)¼
(A .B)�A.

The aim of these operations is to detect contrasted
objects in an image with a non-uniform background.
Sometimes, these two transformations also compensate
for the difficulties of image thresholding in the
presence of non-uniform illumination. These mathe-
matical operations on the image use a structural
element B for the image A, where (A �B) is the image
opening and (A .B) the image closing. Structuring
elements B can be selected according to the shapes that
we want to extract. In our case, we have chosen a
disk element with a diameter close to the diameter
of the curve (vein). The algorithm is summarized as
follows:

Step 1: Original image I0 – its Opening¼
Top-Hat (ITH)

Step 2: ITHþ I0¼ IEC (Enhanced Contrast)
Step 3: Closing of image I0� I0¼Bottom-Hat (IBH)
Step 4: Top-Hat of (IEC� IBH)¼ Iresult
Step 5: Thresholding of Iresult.

2.4. Results of the vein extraction obtained in the
reflection mode

We notice from Figures 7 and 8 that the extraction

obtained perfectly respects the lines of the veins in the
infrared image. However, in the case of the dorsal hand
vein pattern, some small and thin curves representing

wrinkles on the hand still remain even after the
processing.

2.5. Results of the vein extraction obtained in the
transmission mode

One more result that we want to present is the
extraction of the venous network on the finger.

Figure 9 illustrates a venous pattern which is well

Figure 6. (a) Image of the AD filtering, and (b) processed image using the AD with a diffusion constant K¼ 0.4 and 18 iterations.

Figure 7. (a) NIR image of the dorsal hand, and (b) vein pattern extraction.
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characterized by the use of the appropriate
processing tools.

3. Conclusion

We have shown in this paper the utility of NIR light
for the visualization of the vein structure in the
subcutaneous layer of the skin. Two different modes
are examined. After several experiments, it was con-
cluded that for a better visualization of the finger vein
structure, a transmission of light through the fingers
gives more compelling results, whereas the light
reflection mode is chosen to visualize areas on the
dorsal hand and on the wrist.

The NIR images have shown dark curves repre-
senting the vascular tree. They also show a constant

noise related to the optical stimulation and to other

structures of the skin (wrinkles, shades of the osseous

region, etc.). Therefore, we normalized the illumination

in the image by estimating the mean and the standard

deviation. Then we applied an AD filter in order to

smooth the areas of the image depending on the

intensity gradient, encouraging intra-region smoothing

while inhibiting inter-region smoothing. The destruc-

tion of the edges representing the vein curves is avoided

by setting a variable diffusion coefficient. The Top-Hat

and Bottom-Hat techniques were used finally in order

to extract the venous network from the background.
The results are very encouraging since the venous

pattern represents the structure of the vein in the

NIR image well. It is also important to emphasize that

a great advantage of this method is the fact that it is

Figure 9. (a) NIR image of the finger, and (b) vein pattern extraction.

Figure 8. (a) NIR image of the wrist, and (b) vein pattern extraction.
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non-invasive and that it could help clinicians to
efficiently locate the veins during intravenous injec-
tions. Future works will be focused on the improve-
ment of the acquisition system in order to diminish the
artifacts caused principally by the light illumination.
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