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Abstract 
A method developed to exclude unwanted noise or marks from 

printed documents or images, where no original source of those 
images exists, is presented.  

Using the fact that generally all digital images consist of a 
fixed set of rows and columns of pixels, where each pixel holds 
color information in terms of Red, Green and Blue colors, a C++ 
program was developed to disassemble a digital file in order to 
read and write its contents and reset its pixel colors. The 
investigated color images were scanned and digital files were 
obtained. This approach helped to clean an image or document 
from any unwanted overwritten marks. Finally, the new cleaned 
image was stored as another digital file. 

Introduction 
A digital image can be thought as a digital or numerical 

representation of photographic paper or art, which can be created 
by scanning or by using a digital camera and stored in a computer 
for manipulation and enhancement procedures [1].  

Generally, a digital image consists of a fixed set of rows and 
columns of pixels. These pixels (or picture elements) are the 
smallest construction units in the digital image and usually have a 
square shape. Each individual pixel holds numeric data that 
represent the brightness and the color of that image area in terms of 
red, green and blue [2]. 

The numbers of pixels in a digital image is referred as the 
resolution of the image [3]. Its also can be expressed as pixels per 
inch (ppi) or dots per inch (dpi). However, dpi is more accurately 
used to represent the resolution of a printer device, such as an 
inkjet printer [4]. Increasing the resolution will increase the total 
number of pixels covering the image area and it will also increase 
its quality and its storage file size. In addition, the overall size of 
an image is tied to its resolution, as the pixel size will increase if 
the resolution decreases [4]. The default resolution for a displayed 
image on a monitor will be 72 ppi, while for a good quality print, 
the image needs to have about 300 dpi resolution [2]. 

An image that is represented by a grid of pixels is also known 
as a raster graphic or a bitmapped graphic. Bitmapped graphics use 
the bits (binary digit), which are the basic unit of computer 
processing, to store the color information (i.e. 1 bit means the color 
could be white or black) [5]. The number of bits that is used to 
represent a color in a single pixel is called the bit depth (thus 1 bit-
depth produce a binary image). For a grayscale image the 8-bits 
depth will generate an image with 256 shades of gray [6]. 

For colored digital images, each pixel holds color information 
in terms of red, green and blue and each color uses 8-bits to 
represent colors (or 1 byte). The result will be an RGB image with 
24-bit depth (also known as true color) and with a total of 
16,777,216 mixed colors [4]. 

The cones in the human eye are sensitive to light with 
particular wavelengths and, in particular, to the red, green and blue 
parts of the visible spectrum [7]. Additive and subtractive colors are 
two ways used to reproduce colors. Additive colors use the red, 
green and blue as primary colors. Secondary colors (cyan, magenta 
and yellow) can be produced by mixing any two of the primary 
colors. Mixing all the primary colors yields white. While the 
subtractive colors use the secondary colors as primaries. Mixing 
any two of the secondary colors will produce primary colors [8]. 

The CIE LAB, or CIE L*a*b*, and CIE LCH are two device 
independent ways used to describe color. The CIE (Commission 
Internationale de L'Éclairage) LAB color space is based on the 
human vision system, where the L* axis represents "Lightness" 
[L=0(black) – L=100 (white)]. The a* axis is green (represented by  
-a), and red at the other (+a). And the b* axis has blue at one end ( 
-b), and yellow (+b) at the other [9]. 

L*C*H* is presented in the form of a cylinder, where The L* 
axis represents Lightness and the C* axis represents Chroma or 
“saturation”, C=0 is completely unsaturated (i.e. a neutral grey, 
black or white) and C=100 maximum Chroma or saturation. The 
“Hue” is the circular axis (H°), where H=0° (red), H=90° (yellow), 
H=180° (green) and H=270° (blue). The two are not different color 
spaces, they are the same space, but one is in Cartesian coordinates 
(CIE LAB) and the other is in Cylindrical coordinates (CIE LCH) 

[9]. 

Experimental 
The goal of this research was to develop a method that can 

help cleaning the interrupting noise, or unwanted overwritten 
handwriting, from printed documents, where no original file exists.  

For the purpose of this research and evaluating the quality of 
our method, one document was printed using two different digital 
printers (HP DeskJet F380 and HP LaserJet CP 3505). 

Assuming that our document has no original digital file, the 
first step of this investigation was creating a digital version of 
these documents by scanning them using a high resolution (in this 
case we used 1200 dpi). The scanned files were then saved as BMP 
files. 

Different scanned document samples were selected to test this 
method. These samples represent a variety of overwritten 
situations on text characters that include different pen ink and 
marker colors. 

The main idea behind the cleaning method is to deal with the 
difference of ink color. Since the tested documents are now 
converted to digital files, rather than dealing with ink dot color, we 
are dealing with BMP pixel color. 

The tested method depends on the LAB values of each pixel. 
Recalling the fact that each pixel holds color data in terms of RGB 
values, each pixel’s RGB value needs to be converted to its 
equivalent LAB value in order to test the cleaning method. 
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This method actually consists of two different approaches. 
The first approach is applying a chroma test that uses the absolute 
a* and b* values in the LAB color model, where any pixels having 
higher absolute values for a* and b* than a critical constant value 
(in this case 20) will be considered as colored pixels and will be set 
to white color (or cleaned). For black color (the text color), the a* 
and b* values are either equal to 0 or very low.  

The second approach uses the L* (brightness) values where 
pixels that have high L* values indicate either a bright color or 
white (L*=100). Turning any pixels that have high L* value to 
white will leave the dark text color. However, instead of 
comparing each pixel with constant critical value, the mean and the 
standard deviation of all pixels’s L* values were calculated first. 
Then each pixel's L* value was compared with the difference of 
the mean and the standard deviation. The mean value represents 
the average of the L* (brightness) values, while the standard 
deviation represents how much the brightness values vary. As a 
result of subtracting the mean from the standard deviation, a 
critical value will be generated, where all of the pixel's L* values 
that are higher than this number will be considered a very bright 
color and need to set to white (in other words cleaned). This 
approach improves the cleaning of the noise and improves the 
contrast of the text color as well. 

To apply this method to the scanned document, a C++ 
program code was developed using Visual C++ 2008 software. 
This code will read the investigated BMP files; set their pixel 
colors and the new cleaned documents will be stored as other BMP 
format files. 

Results and Discussion 
Figure 1 shows a close look at one of BMP files that was 

generated from the document, printed on the HP DeskJet printer. 
This shows that each pixel has a different RGB value. The reason 
for that is when sending a digital image to be printed, its RGB 
values will be transformed to CMYK values which is equivalent to 
the printer device color model. Recall the fact that the same RGB 
value can be reproduced with different combinations of CMYK 
values. In addition, for the same printed document, the overall look 
could differ depending on the printing device, where each printing 
device employs a different printing process and ink. Also, it 
depends on the paper type that is used to print on. 

 
FIGURE 1. Close looks of a BMP file showing the image pixel structure. 

Figure 2 shows two different BMP files each representing 
different printing processes (i.e. LaserJet and DeskJet). Despite 

that each pixel has different RGB values; the overall pixels color 
appears, for the BMP file that represents LaserJet, darker than what 
represents the DeskJet. This allows more pixels that do not require 
any cleaning to maintain their color values after applying the 
cleaning method as demonstrated in Figure 3. 

 
FIGURE 2. A close look of two tested BMP files represent two printing 
process, LaserJet (A) and DeskJet (B). Before cleaning process 

 
FIGURE 3. A close look of two tested BMP files represent two printing 
process, LaserJet (A) and DeskJet (B). After cleaning process 

Despite that the final cleaned images look different when 
closely viewed as in Figure 3, this could not be noticeable for the 
human eye, due to the small size of the pixels that represent a high 
resolution (in this research the resolutions is 1200 ppi). 

Overall results on all tested images were close. The text 
characters were cleaned from any overwritten ink and became 
recognizable. 

In Figure 4 part A, a blue pen color had overwritten some of 
the document characters. Despite the cleaning of the document 
characters, some darker spots of the blue ink were not set to white 
color and therefore are still seen in the cleaned image as shown in 
part B. This means that these dark color pixels didn’t pass either 
the brightness or the chroma test. 

(A) 
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FIGURE 4. A scanned document with a blue ink pen (was printed using the 
HP DeskJet printer) before (A) and after (B) the cleaning process. 

Also, each cleaned pixel was set to white color, while the other 
remaining pixels didn’t change in color. However, in Figure 5 all 
the untouched pixels were set to black color which gave better 
contrast for the text characters. 

 
FIGURE 5.  Part B from Figure 4 the BMP pixels were set to black color. 

The red ink from Figure 6 part A was totally cleaned and all 
the colored pixels pass the brightness and the chroma test, 
therefore there are no signs of noise in the cleaned document. The 
resulting image is demonstrated in part B. 

 
FIGURE 6. A scanned document with red ink pen (was printed using the 
HP DeskJet printer) before (A) and after (B) cleaning process 

 
FIGURE7. A scanned document with a cyan marker (was printed using HP 
DeskJet printer) before (A) and after (B) cleaning process 

 
FIGURE 8. A scanned document with a magenta marker (was printed 
using HP LaserJet printer) before (A) and after (B) cleaning process 

Figures 7 and 8 part A used two different marker colors 
(cyan and magenta). Both resulting images (part B) from the 
software showed cleaned document characters. 

All the above BMP samples were taken from a document that 
was printed using an HP DeskJet printer. A second set of BMP 
samples were taken from the same document but this time it was 
printed using the HP LaserJet printer. The BMP files were 
processed through the same C++ software and the overall results 
were similar to the first set of BMP files (Figure 9). However, the 
only difference that all the unchanged pixels maintain their color 
values and did not reset them to black, due to the better quality 
printing of the LaserJet printer. 
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FIGURE 9. A scanned document with a blue ink pen (was printed using the 
HP LaserJet printer) before (A) and after (B) cleaning process 

Areas for Future Research 
• Converting RGB values to CIE XYZ is accomplished using a 

3x3 transform matrix along with reference white point. This 
software uses the standard sRGB white point.  In case the 
scanned image has an embedded profile, it should use the 
profile and its reference white point for more accurate 
conversion. 

• A new approach needs to be investigated to save the cleaned 
image as PSD (Photoshop) format. The advantage is to create 
separated layers for the background and foreground images 
and being able to combine these entire layers into a single file.  

Conclusions 
Generally dark colors have low L* , a* and b* values, as a 

results dark color pixels might not pass the brightness test or the 
chroma test, which may still appear in the document file as unclean 
pixels or even appear around the text characters as well. These 
cases might be considered as limitations of the new approaches and 
more investigations need to be done to separate the dark color ink 
from the text characters. 
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