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Abstract 
One aspect of copy image quality is the sharpness and color 

of copied text. Printing monochrome or black text as a color object 
will cause the text to appear too light, blurred, or having 
objectionable color hues. In this paper, we present a method to 
improve the appearance of black and monochrome text when 
copied on a color multi function printer (MFP), by detecting the 
presence of monochrome text characters in documents containing 
monochrome and color content.  Initially, the scanned image is 
segmented into text, image, and background classes. This step is 
based on the analysis of edge, texture, and geometrical pixel-level 
features extracted at different scales. Once detected, text regions 
are analyzed for their chromatic content in order to discern 
whether the text is colored or merely a color scan of black text. 
Based on this classification, pixels belonging to black text are 
sharpened appropriately and printed using only black toner rather 
than a mixture of cyan, magenta, yellow, and black 

Introduction  
The process of copying documents on a color multi function 

printer can introduce quality degrading artifacts such as blur, 
aliasing, moiré, color infidelity, spatial distortion, and color 
fringing. Image processing techniques can mitigate most of these 
problems; however, with varying success, depending on the type of 
image content. For example, sharpening may be appropriate for 
text and line art content, but not for images. The user can usually 
manually select the copy mode that best fits the type of document 
content at hand. In office environments, it is important to preserve 
text sharpness, darkness, and color. In a document with mixed 
content, containing text and images for example, it is not possible 
to reproduce all the content optimally. Image processing 
parameters must be tuned to a compromise that ensures the page as 
a whole is optimally processed.  

This paper introduces algorithms for document segmentation 
and that detect monochrome text characters. This enables special 
processing of monochrome text with the aim of improving its 
reproduction quality. Figure 1 is a close-up image of a black text 
character copied twice – in color and monochrome modes. The 
color reproduction, shown in Figure 1 (b), of the black character in 
Figure 1 (a) illustrates how it was printed using a combination of 
process black (a combination of cyan, magenta, and yellow) and 
real black. This reproduction shows colored dots outside the 
character boundary. At regular viewing distance, such text can 
appear less sharp, too light, and of an objectionable hue. 
Conversely, when the text is copied in monochrome mode, such as 
shown in Figure 1 (c), the characters are sharper, darker, and color 
neutral. We present a solution that enables the detection of 
monochrome text in the scanned document image, and printing the 
text using only black toner or ink. Several approaches for 
document segmentation have been proposed [1-8]. These 

techniques can be broadly categorized as bottom-up or top-down. 
Bottom-up methods start from the pixel level and merge regions 
together into larger and larger components. Top-down techniques 
apply a priori knowledge about the page to hypothesize and split 
the page into blocks which are subsequently identified and further 
subdivided. Top-down approaches work well with pre-specified 
layouts such as technical papers; however, the performance of 
these techniques degrades significantly when different components 
are touching or overlapping.  

Among bottom-up approaches, texture-based schemes have 
attracted much attention [8-10]. These methods treat different 
components of a document image as different textures. The 
scanned document images are convolved with a set of masks to 
generate feature vectors. Each feature vector is then classified into 
different classes using a pre-trained classifier. One problem 
associated with these approaches is the mask size for extracting 
local features. If the mask size is too small, it is difficult to detect 
large scale textures such as large fonts. On the contrary, if a large 
mask is chosen, the computational complexity will increase 
dramatically [8].   

The presented document segmentation technique is based on 
fuzzy c-means clustering [2]. To classify pixels as belonging to 
text or images, each pixel is assigned a feature vector, extracted 
from edge information and gray level distribution. The feature 
pattern is then assigned to a specific region using a fuzzy c-means 
approach. In the classical fuzzy c-means algorithm, the objective 
function is minimized when high membership values are assigned 
to pixels with feature vectors close to the centroid of their 
particular classes, and low membership values are assigned when 
the pixel data is far from the centroid of its class. This formulation, 
however, does not take into account the spatial relationships 
between pixels, which could lead to inconsistent classification.  

 

(a) (b) (c) 
Figure 1. Digital images of a 10 point text character. (a) Original from a typical 
text book (b) printed color copy (c) printed monochrome copy. 

 
Inspired by Markov Random Field (MRF) image modeling 

[5], the presented algorithm is formulated by modifying the 
objective function of the standard FCM algorithm to allow the 
labeling of a pixel to be influenced by the labels in its immediate 
neighborhood. The new cost function conforms with MRF 
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neighborhood modeling through the use of cliques. The objective 
function is minimized when the center pixel has a high 
membership value in a certain class at the same time that its related 
cliques possess low membership values in the other classes [2].  

Feature Extraction 
To distinguish text from images, we selected two features 

obtained from the gray level distribution in a window W of 
dimension w x w, centered around each pixel. 
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Standard FCM Objective Function 
The standard FCM objective function for partitioning 1{ }N
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The parameter p  is a weighting exponent on each fuzzy 
membership and determines the amount of fuzziness of the 
resulting classification. The FCM objective function is minimized 
when high membership values are assigned to voxels whose 
intensities are close to the centroid of its particular class, and low 
membership values are assigned when the voxel data is far from 
the centroid. It is apparent from Eq. (3) that the FCM objective 
function does not take into consideration, any spatial dependence 
between observations. Thus, the computed membership functions 
can exhibit sensitivity to noise in the observed image. One obvious 
approach to compensate for this sensitivity is to smooth the image 
before applying FCM; however, standard smoothing filters can 
result in a loss of important image detail. More importantly, there 
is no way to rigorously control the trade-off between the 
smoothing and the clustering result that is obtained. 

Spatial Constraint Term 
We propose a modification to Eq. (3) by introducing a term 

that allows the labeling of a pixel to be influenced by the labels in 
its immediate neighborhood. As mentioned before, the 
neighborhood effect acts as a regularizer and biases the solution 
towards piecewise-homogeneous labeling. Such regularization is 
useful in segmenting scans corrupted by salt and pepper noise. The 
modified objective function is given by  
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where kN  stands for the set of neighbors that exist in a window 

around kx  and RN  is the cardinality of kN and 
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The effect of the neighbors term is controlled by the parameter α  
and ( )φ ⋅ . The relative importance of the regularizing term is 
inversely proportional to the signal to noise ratio (SNR) of the 
image signal. Lower SNR would require a higher value of the 
parameterα . Also, If the edge strength is high, the value of 

( )φ ⋅  is small, which prevents the inclusion of pixels across object 
boundaries. Formally, the optimization problem comes in the form  
 ୫୧୬௎,ሼఔ೔ሽ೔సభ೎ ௠ܬ  ܷ߳u   subject to  ܷ߳u  .                                      (7) 

Parameter Estimation 
The objective function mJ  can be minimized in a fashion 

similar to the standard FCM algorithm. Taking the first derivatives 
of mJ  with respect to iku , iv , and setting them to zero results in 

two necessary but not sufficient conditions for mJ  to be at a local 
extremum 
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Color Processing 
Typically, when a page is scanned, a scan bar moves down 

the page while illuminating the portion of the page in front of the 
scan bar sensor. The scanner collects the RGB intensities of pixels 
in the scan band and starts processing them immediately, before 
the scan bar reaches the end of the page. This approach is cost 
effective because the scan bar sensor is a relatively expensive 
element and can be kept small. In addition, the small scan bar 
sensor minimizes the amount of data that must be processed per 
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unit of time. This reduces memory requirements, and simplifies the 
processing hardware.   

The multi-function printer used in this experiment processes 
the scan band pixels in the YCbCr opponent color space because it 
encodes color information more efficiently than the RGB space 
[11]. The following equation is used to convert scan band pixels 
from the RGB to the YCbCr color space: 

൥ܻݎܥܾܥ൩ ൌ ൥   0.2989    0.5866    0.1145െ0.1687 െ0.3312    0.5000   0.5000 െ0.4183 െ0.0816൩ · ൥ܴܤܩ൩ ൅ ൥ 0128128൩ ,      (10) 

where R, G, B, Y, Cb, Cr are 8-bit values ranging from 0 to 255. 
The RGB values are not standardized and vary with the scanner 
model and hence the resulting YCbCr gamut is also scanner 
specific.  The Y channel is equivalent to a grayscale (luma) image, 
and the color information is encoded in the Cb and Cr channels. 
For example, Cb and Cr values less than 128 indicate that the color 
is more yellow and green than blue and red. The neutral axis 
passes through the center of the plane, i.e., where Cb = 128 and Cr 
= 128. Equivalent to metric chroma in the CIE L*a*b* color space, 
we define colorfulness of a pixel P as the Euclidean distance (l2 
norm) from the neutral center in the CbCr plane as follows:  ܥሺ݌ሻ ൌ ඥሺܾܥሺ݌ሻ െ 128ሻଶ ൅ ሺݎܥሺ݌ሻ െ 128ሻଶ ,                        (11) 

where Cb(p) is the Cb component of pixel P, and Cr(p) is the Cr 
component. With this definition of colorfulness, it is possible to 
classify a pixel as colorful or not given an appropriate threshold 
that is based on example scans of monochrome and color 
documents.  

Colorfulness Threshold Model 
In order to classify a pixel as color or monochrome, we 

compute its colorfulness according to Eq.(11) and compare it to a 
threshold. A pixel is classified as color it if is more colorful than 
the threshold, and conversely, it is classified as monochrome if it is 
less colorful than the threshold. The choice of colorfulness 
threshold requires the consideration of variables such as, scanner 
technology, media type, and expected document content. Rather 
than use trial and error in tuning the threshold, we modeled the 
cumulative colorfulness histogram of 16 color and monochrome 
test pages that are representative of the type of documents expected 
to be processed on the device. The document contents included 
images, graphics, line art, text, solid patches, and color ramps. 
Figure 2 shows the resulting cumulative colorfulness histogram. It 
is bimodal with a high peak indicating the presence of many pixels 
that are minimally colorful. The smaller peak shows the presence 
of colorful pixels that are less in number and with a wider 
colorfulness distribution.  

The optimal threshold should separate the peaks, i.e. classes, 
while minimizing the probability that a pixel is misclassified given 
its colorfulness value. This is achieved through modeling the 
cumulative colorfulness histogram using a mixture of Gaussian 
distributions P(x), as follows:   ܲሺݔሻ ൌ ∑ ௖௜ୀଵߨ ௜  ௜ሻ  ,                                                           (12)ܥ|ݔሺ݌

where 0 < x < 128 is the pixel colorfulness bin center, c is the 
number of normal mixtures (2 in this case), πi is the mixing 
proportion of the Ci  mixture, and the distributions are: 
௜ሻܥ|ݔሺ݌  ൌ ଵఙ೔√ଶగ ݁ି൫௫ିµ೔൯మ/ଶఙ೔మ ,                                                  (13) 

 
where θi={μi,σi} are Ci parameters. In order to estimate the mixture 
parameters (means, variances, and mixing proportions), we employ 
the Expectation-Maximization (EM) algorithm [12-16].  
The results of applying EM with a mixture of two Gaussians to the 
cumulative colorfulness histogram are shown in Figure 2. The 
cumulative colorfulness histogram data is shown in black. The 
peak between 0 and 10 is the contribution of all the less colorful, or 
monochrome, pixels in the test scans. The distribution of more 
colorful pixels lies between 10 and 50.   
 

Figure 2. Gaussian Mixture model of the cumulative colorfulness histogram.  
 
A mixture of two Gaussians was chosen to model the 

histogram data since there are two classes of colorfulness of a pixel 
– color and monochrome. Applying the EM algorithm with an 
initial guess of the distribution parameters yields the two 
Gaussians shown. The class of monochrome pixels (blue 
distribution) is centered at μ1 = 4.24, with a standard deviation of 
σ1 = 2.71 and a π1 = 0.78 mixing proportion. The class of color 
pixels (green distribution) has a mean of μ2 = 29.35, a standard 
deviation of σ2 = 18.85, and a π2 = 0.22 mixing proportion. 

Given the Gaussian mixture model, it is possible to calculate 
the probability that a pixel is monochrome or color given its 
colorfulness following Eq.(11). For example, a pixel with 
colorfulness equal to 20 is more likely to be a color pixel than a 
monochromatic one – according to the Gaussian mixture model. 
For implementation in the scanner hardware, it is faster to simply 
use a threshold value for classification, such that a pixel is 
classified as color if its colorfulness is lager or equal to the 
threshold value and mono otherwise. The histogram model yields 
this optimal threshold as being equal to 11.68. This is the value 
where the two distributions intersect, as indicated by the vertical 
dashed line in Figure 2.  

After the page segmentation algorithm detects the locations of 
the text characters in the scanned document, it reports them as 
rectangular image regions that are bounding boxes around the text 

0 10 20 30 40 50 60 70 80 90 100
0

0.02

0.04

0.06

0.08

0.1

0.12

Colorfulness

O
cc

ur
re

nc
es

 

 

Colorfulness Histogram
Monochrome Distribution
Color Distribution
Color/Mono Threshold

368 Society for Imaging Science and Technology



 

 

characters. These regions are then analyzed for colorfulness by 
counting the number of colorful pixels in the regions. A text 
character is deemed monochrome only if the percentage of colorful 
pixels in the bounding box region is smaller than a certain 
threshold. This approach is robust to color noise and provides a 
tunable threshold, possibly by the user, to set the MFP’s sensitivity 
to the ratio of color pixels in the bounding box of text characters, 
which can vary with the type of font.  

Results 
We applied the algorithm to several test images using an MFP 

with a contact image sensor scan bar at 300 dpi. A scan of a test 
page is shown in Figure 3. It contains text of various font types,  
sizes and colors. In addition, there are fields of solid color, as well 
as graphic elements. This mixture of content is representative of 
documents found in office environments where good text quality is 
important. Due to the large amount of color and the variety of 
content, such a page is likely to be copied in color mixed mode. 
This means that the black text will be reproduced using a mixture 
of real and process black, as illustrated in Figure 1, which reduces 
its quality. As shown in Figure 4, the algorithm segments the page 
and marks the objects in the page using various label colors. Text 
characters are detected by the size of the bounding boxes. 
Bounding boxes that are larger than a threshold will not be 
classified as locations of text. The top portion of the page, for 
example, contains a large area with graphics and line art. The 
algorithm detected it and reported a large bounding box around it.  

 

Figure 3. RGB scan of a color test page with mixed content. 
 

Within it, there are graphics elements, text and lines. The 
algorithm successfully detects some of the elements. It does not 
detect the white text characters within the area, similarly in the 
horizontal band at the bottom of the page. The algorithm detected 
the band as an object, but it considers white text characters to be 
part of the background rather than objects that need to be printed. 
On the other hand, the algorithm successfully detected all the text 
characters located on the white background in the middle of, and 
the bottom of the page. With text of very small font, however, 
characters can appear connected in the scan image, and thus, are 
considered a single object and are bound collectively within a 
single bounding box. After the page segmentation results identify 
text characters, the algorithm proceeds to classify the text as either 
monochrome or color. A color text character is found when its 
bounding box contains a large proportion of colorful pixels. This 
threshold can vary with font type and can be made user tunable. As 
described earlier, a colorful pixel is defined as having a 
colorfulness value, according to Eq.(11) that is larger than the 
colorfulness threshold. The results of this step are illustrated in 
Figure 5. The enlarged region shown contains several lines of 
black text of varying font size and style, in addition to a line of red 
text – the second line from the top. The bounding boxes have been 
modified to to illustrate the detection of monochrome text (with 
black bounding boxes) and color text (with gray bounding boxes). 
Given this classification, it is possible for the MFP to selectively 
print black and gray text using only real black toner, while 
preserving the print settings of the other objects on the page. 
 

Figure 4. Segmented page with bounding boxes on object. 
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Figure 5. An area showing detected monochrome and color text characters. 

Conclusions 
This paper presents an algorithm for the segmentation of 

document content into background, text and image pixels. A 
bounding box is placed around the detected objects. Furthermore, 
once text characters are detected, they are classified as either 
monochrome or color through analysis of the proportions of 
colorful pixels within their bounding boxes. The page 
segmentation employed a modification of the standard FCM 
algorithm, and the classification of pixels as color or monochrome 
is based on the modeling of colorfulness histograms of several test 
pages as a Mixture of two Gaussians that are found through the 
Expectation Maximization algorithm. The results show how the 
algorithm detects monochrome text characters in a page with 
mixed content, which enables improved copies of monochrome 
text of color MFP’s.    
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