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DETECTION OF HUMAN EYE COMPONENTSON THE BASIS OF
MULTISPECTRAL IMAGING

In this paper the methods for selecting of the nmopbrtant parts of the human eyes are describadh®basis
of the real 21 channel multispectral images the ehodl finding the lens and the spot are definedesehmethods are
based on the most popular algorithms of image sing. The approach to veins detection is stillediméd but in the
article the most important channels are pointedamat the channel difference between eyelash andeims is also
mentioned.

1. INTRODUCTION

Multispectral and hyperspectral imaging becomesenpapular method of data analysis. It is due to
the fact that bigger number of image spectra isetqul to give more information about the object tha
typical picture in the RGB (three-dimensional) eolgpace. It is assumed that the increase of thetrsp
components would provide more information about éigect. Multispectral imaging gives also the
opportunity to define interesting, from the objegstoperties point of view, spectrum channels
(wavelengths). Apart from the medical applicatiespecially the tumor and cancer detection [5, 20, 1
multispectral imaging is successfully applied imlggy [1, 6], agriculture [2], or art history [4].

In this article the new approach of analyzing thenan eye multispectral images is described. The
main aim is to detect the basic eye componentsherbasis of information stored in different image
spectrum. The paper is organized as follows: tha part presents the background of the performed
analysis including the hyperspectral image dedonptThen the processing of the image for the psgpo
of different eye parts detection is described. pager ends with a short summary.

2. BACKGROUND

Medicine is one of the fields of multispectral invag application. Our previous works in this
domain focused on the following tasks: detectiotuafor tissue regions [12], selection of most int@ot
image components for the purpose of tumor tissiienfthparametric calibration of multispectral image
on the basis of known spectra [7, 8]. The reseaahconducted on the basis of 21 channel multisgdec
images obtained from the specialized acquisitionicgecontaining the endoscope, liquid crystal tuaab
filter [3], and the camera. The images are takei @ifferent wavelength from range 410nm to 710nm
with the step of 15 nm.

The experiments with an endoscope based devide lgw invention of analogical device, strongly
dedicated to purpose of ophthalmic imaging. It &lspsists of the liquid crystal tunable filter (\&ec).
The filter is placed after the module of the ogdtiftecusing. The remaining part of the spectrum that
passes through the filter is captured by a higlsisgea monochrome camera (Andor Luca). The camera
and the filter are synchronized by the dedicateftwsoe. The picture of the acquisition device is
presented in Fig. 1. The more detailed informaéibaut the device is available in [11].
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Fig. 1. Acquisition device.

3. MULTISPECTRAL IMAGE PROCESSING

The aim of this research was to design an algorithmch facilitates understanding of multispectral
images of an eye. The problem with multispectrahdsthat the group of images acquired with défer
spectrum contains all information, although itngppssible to choose one image with all necessasy da
Please refer to Fig. 2, where 20 multispectral iesagut of considered 21 are presented. The firag@n
was omitted due to the lack of space, additioniallyas very similar to the one in the top, lefter.

Fig. 2. Images of the human eye taken with diffesgrectrum.
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The main objectives of presented work are:
» identify the region of the lens in the image,
» define the region which corresponds to the spdherens,
» extract lines which describe the veins, which argceable on the lens.
The points of interests are also presented in FigSince each of the mentioned problems has
different characteristic, it was necessary to desigeparate solution. Below the description igigiv

Fig. 3. Exemplary image of the human eye with madniegions of interest.

3.1.LENS DETECTION

The region of the lens in the image is charactdriag brighter luminance values in grayscale
images. It is visible in many spectra, howevepitsition differs slightly depending on chosen speut
Therefore, in order to define more precise lenstiposand shape it is defined on the basis of ayera
value.

Fig. 4. Mask of lens for multispectral images.
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Namely, there are giveld=21 imaged(x,y) presenting data in each spectrum, wheaady indices
the pixel in the image. The image is thresholdefing a maskM(x,y) of the lens. The applied threshold
value was equal to 110. Brighter pixels were assutoedescribe the object of interest (and assigned
value 0 in the mask). Otherwise, darker pixels wezated as background (set value 1 in the masl). F
4. presents masks resulting from thresholding &dadjiven in Fig. 5. Since the lens is not visitateall
images, only masks in range 5-21 are consideraderaging. The calculation of final lens shapeoio$
the formula:

1 N
Lens(X, y) = 1 N —525“ Mi(x.y)< 0.3 (1)

0 otherwise

This algorithm firstly calculates an average mask ifnages taken for chosen wavelengths, then it
thresholds with value 0.5. It corresponds to theuagption that pixel belongs to the lens if it bgsro

the object in more than 50% of masks. In this eqonavalue 5 refers to first 5 images, which are
excluded from calculation.

Fig. 5. The lens calculated on the basis of maska Fig. 4.

3.2.SPOT ON THE LENS REGION DESCRIPTION

The spot on the lens is a region on the image wimtgnsity is slightly darker when compared to
the neighborhood. The intensity difference in tl@igion not only is very small, but also it is cocieel
with optical illusion. It means, that the spot sksére changing within the area, but the differemite
neighborhood is constant and therefore it seemshasspot has constant colour. Taking this into
consideration the method used to find this regsomat fully automatic.

In order to determine the spot position the follogviechniques of image processing were applied.
Firstly, there are considered only images in raig#l, as the spot is invisible in other spectrae Th
chosen imageKXx,y) are processed with median filtde following the formula:

loroe (X Y) = M (I (x£K, y£K)); (2)

wherek was set to 5. The aim of this step is to removisesofrom the data. Next, the average
image is calculated as:

1 N
l.=——= ) L.(X 3
avg N_7; |( y)proc ( )
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Finally, the thresholding operator is applied. Acting to performed experiment values 179 and
180 define the silhouette of the spot. Unfortunatéhis values define additional outline in the gea
therefore manual support is necessary to choosefaihe defined lines. Fig. 6. presents the rasedore
manual processing.

Fig. 6. The spot region defined automatically.

3.3.LINES CORRESPONDING TO VEINS

Finding the veins in the image is not a trivialkka§he veins are visible only in few images, and
only these are considered for calculation.

However, the vein seems to be easily distinguishftoim the background, because it has darker
intensity. It proved to be also an optical illusi@nd when one tries to apply any thresholdingdwyee
detection filter the lines are disappearing. It iamad out, that the background as well as the irethe
image change its values gradually, keeping theewdiffce between the object and background shade
rather constant.

In presented approach firstly the algorithm con@#as on veins region estimation in each from
multispectral images. Here, the median filter iedugnd followed by the adaptive thresholding. This
method of veins detection has the following paramset

e U -the size of the median filter mask ¥ 1),
« W - the size of the adaptive thresholding masi (v),
* C - the subtracted constant in the adaptive thresngl
It makes it easier to write the complete transfdromawith the helping variabl& that is the half-
width of the maskk, =(x-1)/2 and k, =(w-1)/2. The described steps of the image transformation

are described with the following formulas:

lemp (5 Y) =M (1 (Xt Kk, y£K))) (4)
1 & & o
Im@h(x,y):(WZ 2, Itemp(x+|,y+J)J—Imp(x,y)—c (5)
==k, 1=K,
_ 1 lthresh(xiy)zo
lout(x,y)—{o e y)< 0 (6)

The result of multispectral image processing for gghepose of veins detection is presented in the
Fig. 7. There are also presented only components &¢o 21.
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Fig. 7. Veins detection in 20 from 21 multispectrahge components.

The suggested image transformation proved that ppassible to detect eyelashes and veins in
multispectral images. It is noticed that veinsasgble in images 10 — 15, whereas eyelashes asept
in images 9 — 21. Unfortunately, it was impossitdeexploit this knowledge for automatic system for
vein detection.

4. CONCLUSIONS

In this paper the approach to select the most itapbrparts of human eye parts from the
multispectral images was presented. The origint dantained 21 channel images: from 410 nm to 710
nm with the step of 15 nm. The efforts focused efinihg several models of analysis that could gelec
the following parts of the eye: lens, spot, andchgeFor the first two objects it occurred to begiole to
define the model of multispectral image processireg points regions of interests. Unfortunatelywas
not possible to achieve the success in detectioiof. In this case only the most important conemis
of multispectral image (from 545 nm to 605 nm) wheeins are the most visible can be pointed out. It
also occurred that the similar in shape - the eyelas visible in the wider spectrum: from the 54B up
to 710 nm what may be useful in the further datayasms.
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