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Enhancement of Infra-Red Images of Human Hand
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Abstract Among the various technologies used for medical imaging, Infra-Red methods occupies very important place,
as IR light interaction with human body became to be a base for thermography, tomography and visualization of blood
vessels. Different types of medical imaging techniques exists which are classified on the basis of the wavelength of the
radiation used, the mode of operation (transmission or reflection) and the reproduction of the acquired information in the
form of images. The human hand is one of the most complicated mechanical —biological objects. The complexity of various
bones and tendons, joints and muscles, various soft tissues and network of blood vessels presents a significant challenge to
any visualization technique. The request of medical professionals for clarity of hand images requires elimination of some
parts of the image, colorizing, and contrast enhancement. In this study, we report significant improvement of IR images of
the hand. Enhanced IR images allow clear visualization of tendons which are otherwise seen only by MRI.
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1. Introduction

NIR imaging has various applications like optical tomo-
graphy[1-2], diagnosis of brain edema[3-4] and also mam-
mography[5-6]. IR wavelength range starts from 750nm and
extends up to Imm, covering almost three orders of magni-
tude in the overall electromagnetic spectrum. However, we
are experiment only in Near Infrared (NIR) from 680 —
1000 nm. The major content of human tissue is water. Lean

muscle tissue contains about 75% water, blood contains 83%

water, body fat contains 25% water and bone has 22% wa-
ter[7].Interaction of NIR with biological tissues which has
low absorption of water can produce interesting potential
results.

Considering all of the advantages of near infrared imag-
ing, recent study[8] was initiated to examine human palm
by IR light. In this study, bones, tendons, cartilages, and
other tissues in the human hand were observed. Every ob-
served element carries a complicated contrast difference.
For example, the blood vessels have a different intensity
than the tendons; the tendons have different intensity than
the soft tissues etc. The near infrared images show many
subcutaneous parts like bones, tendons, cartilages, soft tis-
sues etc.

2. Image Processing Algorithms

Figure 1 shows a near infrared image of a human palm.
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As seen from the figure, the blood vessels and the tendons
appear dark in color in contrast to the surrounding tissues
that appear bright. Maximum amount of photons are ab-
sorbed by blood which is a mixture of oxygenated hemog-
lobin and water. Due to the large amount of scattering[9]
and complexity of human hand, formation of good contrast
becomes difficult. Tendons are present very close to the top
surface of the palm. This makes the tendons appear dark in
the final output image. Human wrist, being thicker than
palm, shown in Figure 2, demonstrates good IR penetration
and produces a detailed subcutaneous image. Fourier
Transform based algorithm is developed in MATLAB which
combines two images taken at two different wavelengths and
produces a much enhanced final image as shown in Figure 3
a) — ¢). In order to take the two images at different wave-
lengths, a collimator and notch filter assembly is used to
provide a much narrow response from the emitter. A 2-D
Fourier transformation is applied to both the images and the
resulting magnitudes and phases are added. An inverse 2-D
Fourier transform of the addition results in the brighter im-
age showing much more details than the original two images.
Addition in Fourier domain is better than conventional ad-
dition of two images as the process involves less addition of
noise[10].
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Figure 1.NIR image of Human hand.
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Figure 2. NIR image of Human wrist.
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Figure 3.
addition.

a) Image taken at 780nm.b)Image taken at 870nm.c) Fourier

The major application of this technology being detection
of tendons, the high dark contrast of the blood vessels is not
desirable. There are various image processing techniques
developed using MATLAB which allow to enhance the
contrast of the tendons and decrease the contrast of the
blood vessels.

2.1. Image Enhancement Algorithm

Sometimes there is a need to focus on a given part of the
visible tendon. The image enhancement algorithm increases
the contrast of the region of interest from the surrounding
region in order to highlight that specific area.The enhanced
image is obtained by recording the image, inverting it, per-
forming a histogram equalization to reduce the range of
pixel intensities and then taking an absolute difference of
the two images. Figure 4 a and b, illustrates the results of
this algorithm.

2.2. Bleaching Algorithm

The enhanced image algorithm allows a better visualiza-
tion of the tendons but the selection of region of interest has
to be narrow. In order to overcome this, the bleaching algo-
rithm is used. The enhanced image is again read and stored
into a matrix form. The enhanced image is again inverted.
Then an absolute difference of the enhanced image and its
complement is calculated as shown in Figure 5, a and b.
The resultant image has the blood vessels completely
bleached out. Due to the alteration of pixel values by per-
forming absolute difference operations, there is a slight
amount of blur introduced in the image. This blur is re-
moved by using Weiner filtering[11].

2.3. Coloring of Blood Vessels Contour Algorithm

The bleaching of blood vessels algorithm works very
well by enhancing the contrast of the tendons. The image
would be much better if majority of the blood vessels
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forming contours in the region of the tendons have a differ-
ent color in the image. This is achieved by applying the
coloring of blood vessels contour algorithm. In this algo-
rithm the image is read as an input and stored in matrix
form using MATLAB. Then a raster scan is performed on
the elements of the matrix determining the exact value of
intensity of each pixel in the image. Now the range of the
intensity values of the blood vessels is determined and these
values are different from the intensity values of the tendons
which are less dark than the blood vessels. The pixels
whose matrix elements have the intensity values in the
blood vessels range are filtered out. The RGB values of
these pixels are adjusted such that these pixels take a certain
color and a final colored blood vessels image is obtained.
Figure 6, a and b, shows the results of the coloring algo-
rithm.

Figure 4.

Figure 5. a) Original Image. Figure 5. b) Bleached image.
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Figure 6. a) Original Image. Figure 6. b) Colorized image.

a) — Original Image. Figure 4. b) — Enhanced image.

3. Conclusions

Almost all of the NIR imaging techniques and image
processing for the human hand is focused towards vein pat-
tern biometrics[12-13]. However, in the manuscript, we
have demonstrated that this technique along with three re-
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ported novel image processing algorithms can be used as
alternative medical imaging and diagnostic method.

Our infrared imaging method when compared to existing
standard medical imaging carries many advantages, which
are:

a) It is completely harmless to human body as compared
to X-rays or MRI.Human body can be exposed to NIR for
long durations as compared to ionizing radiation.

b) With enhanced IR imaging we produce much better
visibility of tendons, soft tissues, blood vessels. It is
well-known that tendons are not visible in X-rays and can
be seen by MRI only.

c¢) Colorization of the images is expected to be of help to
medical professionals.
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