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Abstract. In this work we evaluated an algorithm for filtering the achromatic 

background of colored cytological images. This algorithm makes use of an 

Isotropic White Locus Chromaticity Diagram, where the white region is 

selected by polar coordinates in the 1931 Chromaticity Diagram. The 

potential for application as a background filter is analyzed through 

applications to cytological images stained with the Papanicolaou method. 

1. Introduction 

The processing of images is bringing the quantification and objective assessment for 

diagnoses in histopathology and cytopathology [Wied et al. 1989]. But massive 

processing is required for the use of standard methods [Cheng et al. 2001], [Dong and 

Xie 2005]. 

 There exist at least two dozens of techniques of staining histological and 

cytological slides being the more used the Masson Trichromic and Papanicolaou 

methods. Image analysis methods were applied for the analysis in the hepatic cirrhosis 

[Matalka et al. 2006], [Tanano et al. 2003] and for the analysis of cervical intraepithelial 

neoplasia [Sakai et al. 2001]. 

 The computerized nuclear morphometry and ploidy applied to the 

characterization of populations of human cancer cells was object of several works 

[Stenkvist et al. 1978], [Bibbo 1997], [Sakai et al. 2001], [Isotani et al. 2007]. In 

cytological analysis, colorimetric methods have been used [Wyszecki and Stiles 1982], 

which take into account human eye sensibility for color and illumination.  

 The segmentation is the first critical step to extract information of computer 

processed images [Munoz et al. 2003]. Although the identification of object and surface 

boundaries comes naturally to a human observer, accurate image segmentation has 

proved difficult and complex. Several techniques were presented to detect changes 

among chromatic values of image points, as edge detection, dilation/erosion, histogram 

cutting or thresholding, and clustering [Cheng et al. 2001]. The last two have been 

extensively used in colored segmentation, mainly in multidimensional histogram 

cutting. Bidimensional projections of color space were employed [Cheng and Yang 

2001], chromatic filtering methods [Lucchese and Mitra 2004], color subtractive 

[Underwood et al. 2001] and clustering aided by tridimensional color histograms [Chen 

and Lu 2002], [Han and Ma 2002]. This kind of processing is computationally 

expensive due to histogram tridimensionality. Bi- and tridimensional histograms and 

several color representations involve the employment of pseudo-vectorial chromaticity 

coordinates and diagrams [Wyszecki and Stiles 1982], [Vandenbroucke et al. 2003]. 
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 In cells measurements the cytoplasm are quite transparent, transmitting almost 

all-incident light, while nuclei are colored. Since great part of the cell image is from 

interstices a step to facilitate the segmentation of images is the removal of background 

constituted by the pixels of these interstices. The form most common of removal of 

background is the use of threshold of intensity. However a value of threshold that 

optimizes the segmentation of nuclei of cells will bring difficulties when the objective 

will be the study of the cytoplasm because of the proximity of the values of intensity of 

background and of the cytoplasm. On the other hand a generic program where threshold 

is searched manually increases the complexity of the problem. 

 Therefore the use of the color properly said for the removal of background is an 

option to be considered. With this purpose we evaluate an achromatic method for 

removal of background which makes use of an Isotropic White Locus Chromaticity 

Diagram [Bonventi et al. 1994]. 

2. The Algorithm 

The color is described by three values of colored stimuli RGB. To convert to the 1931 

CIE system, we use the basis transformation and projections to (x,y) plane: 
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 Pairs (x,y) corresponding to white (grays) colors are in the elliptical region of 

the CIE Diagram. Our problem is the choise of RGB values that cover all white colors. 

Here we evaluate with this purpose the Isotropic White Locus Chromaticity Diagram 

[Bonventi et al. 1994]. The transformation from the 1931 CIE coordinates (x,y) to this 

new diagram is given by: 
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where P is the transformation from the Cartesian to polar coordinates, R is a rotation to 

align the ellipsis, M takes into account the eccentricity and S places the origin at 

ellipsis’ center. 
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 The parameters corresponding to this transformation are: θ=40° (inclination of 

the elliptical region relative to the 1931 CIE axis), a=0.167 and b=0.083 (semi-axis), 

and x0=y0=1/3 (ellipsoid center coordinates), which were obtained by fitting the white 

elliptical boundary region in the 1931 CIE Diagram. The diagram of colors in this polar 

coordinate system shows that the white region is described by a circle of 

radius θθθθ∀∀∀∀≤≤≤≤≤≤≤≤  br0 , minus a region between 235° and 336° that describes pink tones 

[Bonventi et al. 1994]. The border of the pink region fits with good accuracy a quadratic 

polynomial. Then, the exclusion of white region can be obtained using: 

} {-}{ °°°°≤≤≤≤θθθθ≤≤≤≤°°°°++++θθθθ⋅⋅⋅⋅−−−−θθθθ⋅⋅⋅⋅≤≤≤≤θθθθ∀∀∀∀≤≤≤≤≤≤≤≤
−−−− 336235 0.2401,  .00157010064.3r ,br0=LOCUS WHITE

26 (4) 
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3. Results 

Figure 1a show an image of cervical intraepithelial cells stained with the Papanicolaou 

method. Figure 1b show the image resulting after the application of the present 

algorithm. We see that the background is almost filtered, except by small points in the 

cytoplasm region, probably due to the excess of coloration caused by residual dye. 

Application to images of malignant nuclei [Isotani et al. 2007] showed similar results. 

  

Figure 1 - a) Original cellular image with colored nuclei; b) cytoplasm filtered by the 
algorithm. 

 A preliminary comparison of the present algorithm with an algorithm of erosion 

used for the same purpose [Isotani et al. 2007], showed similar precision for visual 

requirements. Measurements of color of slides stained using the Papanicolaou method 

showed that the colors have small dispersion [Isotani et al. 2008], which allows 

parameterization. On the other hand the erosion filter requires the calculation of a 

threshold. Then, considering the computational advantage of the achromatic algorithm, 

we are examining the replacement of the erosion filter by the achromatic one [Isotani et 

al. 2007]. 
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