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Kolmogorov Complexity�Based Ideas for Locating Text in Web Images

Martin Schmidt� Vladik Kreinovich� and Luc Longpr�e
Department of Computer Science� University of Texas at El Paso� El Paso� TX ����� USA

emails fmschmidt�vladik�longpreg�cs�utep�edu

Abstract	The gaining popularity of the World

Wide Web increases security risks� Search tools mon�

itor plain text in web pages� but search for text in

graphical images is still di�cult� For this search� we

use the fact that the compressed images with text have

di�erent size than images without text�

I� Practical Problem

The gaining popularity of the World Wide Web also
means increasing security risks� As the World Wide Web
has become an a
ordable way for di
erent political groups
to reach a broad audience it is becoming harder to monitor
all these web sites for their content� While numerous web
search tools can be used to automatically monitor plain
text in web pages� search for text in graphical images is
still a considerable challenge� This fact is used by design�
ers of such web pages who �hide
 their text by placing it
inside of graphical images� avoiding detection from regular
search engines� At present� the only known way to �nd all
occurrences of suspicious words like �terror
 in images is
to use character recognition to �nd and read all the texts
in all the images� Performing such a character recognition
is still a very computational intensive task which takes a
long time� and has to be done for every image� because
the only known way to check whether the image contains
text is to apply a character recognition to this image�

II� Idea

A� Main Idea� We Must Consider Simple Images

The object of hiding the text inside an image is to make
it hard for search engines to detect it� but not hard for
the user to read� Therefore� the image used as a back�
ground for the text should be very simple� It should not
overpower the text at any point� making parts of the text
hard to read� or draw attention away from the text itself�
Also� in order not to be distracting from the text� the
background should be reasonable homogeneous� A good
example is a background created by Windows ��� where
a small image� called a tile� which is repeated �as tiles on
a wall are� to cover the entire screen�

The necessity to make the text easily seen also limits
the use of colors� Colors enhance the image� but many
people do not perceive the color correctly� and it is known
that even for those who do� it is much easier to �nd a
piece of the image which is of di
erent brightness than a
piece of di
erent color ���� Therefore� if we want a text to
be easily visible� we should make it stand out in a black�
and�white �grey scale� version of the image�
So� to detect images with text� we should look for sim�

ple� homogeneous black�and�white images with text su�
perimposed on them�
For such simple images� adding a text increases their

complexity� So� if an image is mostly simple� but has one
area which is more complex� this is a good indication that
this area may contain text�
We want to use this idea to �nd images which are likely

to contain texts� and to locate the text in these images�

B� When Is an Image Simple� Kolmogorov Complexity

and Compression Size

To use this idea� we must be able to tell when an im�
age �or a part of the image� is simple and when it is not�
When is an image simple� Intuitively� if an image that
we see on the screen can be described by a simple formula
�e�g�� a circle� a line� etc��� or the image is a combination
of several subimages describable by simple formulas� then
we consider this image simple� On the other hand� if there
is no simple formula which describes the image� i�e�� the
only way to describe this image is to list the intensities of
all the pixels� then the image is clearly complex� Thus� we
can de�ne a complexity of an image as the smallest size of
a program which generates this image� This notion was
introduced in the ����s by G� Chaitin� A� Kolmogorov�
and R� Solomono
� and it is called Kolmogorov complex�

ity K�x� �see� e�g�� ����� In terms of Kolmogorov complex�
ity� we can say that an image is simple if its Kolmogorov
complexity is small�
Unfortunately� it has been proven that Kolmogorov

complexity is not algorithmically computable� so� we can�
not simply compute the exact values of Kolmogorov com�
plexity and check whether an image is simple or not� In�
stead� we should use approximate values of Kolmogorov
complexity�



This notion of an approximate Kolmogorov complexity
may seem very theoretical� but� as we will show� it can be
naturally reformulated in image�related terms� Indeed� as
we have mentioned earlier� when we say that an image
is simple� we mean that instead of describing the image
by its bitmap� i�e�� by the intensities of all the pixels�
we can describe this very image by storing a very small
amount of data �e�g�� the radii of the circles if we have an
image consisting of circles�� In other words� an image is
simple if it can be compressed into a small size �le from
which this original image can be losslessly decompressed�
Similarly� our description of what it means for a image
to be complex means that we cannot compress its bitmap
description into any �le of smaller size �or� to be more
precise� any such compression would be lossy in the sense
that it will not be able to reconstruct the original image
exactly�� Thus� a Kolmogorov complexity of an image
can be viewed as the smallest possible size of the image�s
compression�
To determine the exact value of Kolmogorov complex�

ity� we must use the �best
 possible compression� the fact
that Kolmogorov complexity is not algorithmically com�
putable means that it is not possible to design the �best

image compression algorithm� whichever image compres�
sion algorithm we use� there is always a possibility of im�
provement�
The better the compression algorithm� the more the size

of the compressed �le approximates Kolmogorov complex�
ity� So� to check whether an image is simple or not� we
will use the size of this image under the best known com�
pressions�
Of course� selecting �the best
 compression algorithm

of the many existing ones is not a precisely formulated
task� However� in our selection� we can use the fact that
informally� people solve this task all the time by selecting
a compression method for their images� So� a natural
selection of a compression method would be to use most
widely used compression technique� Since we are talking
about the web� we therefore want to choose a technique
which is most widely used on the web� The two most
widely used compression techniques used to post images
on the web are jpg and gif� The tendency right now is to
use fewer gif �les and more jpg ones� for three reasons�

� gif uses insu�ciently many colors ������

� gif is proprietary� while jpg is freely available�

� lately� special chips are being developed that hard�
ware support jpg compression and decompression�
thus making this format much faster in use than for�
mats which require software to compress and decom�
press�

So� in this paper� we use� as a measure of the image�s
complexity� the size of its jpg compression�

To con�rm that adding a text to a simple image a
ects
the size of the jpg� and to see how exactly it a
ects� we
performed several numerical experiments�

III� Experiment

A� Description and Results of the Experiment

In our experiment� we tested two di
erent simple back�
grounds� one a very simple design and the second one a
more complex background design �tile background��
On a ������� pixel background� we inserted text Large

text formed with letters of di
erent size into the top left
quadrant �of size ��������� We used Courier New Font
of di
erent pixel size for the letters�

We then calculate the size of the corresponding jpg �le�
and analyzed how this size depends on the relative area
of the image�
In this experiment� we used the texts of the following

sizes�

height length area
absolute relative

� � � ��
�� �� ��� �����
�� ��� ����� �����
�� ��� ����� �����
�� ��� ����� �����
�� ��� ����� ������
�� ��� ����� ������
�� ��� ������ ������
�� ��� ������ ������
�� ��� ������ ������
�� ��� ������ ������
�� ��� ������ ������

For each text size� the absolute jpg size of a corner with
text� and the relative increases of this sizes over the size
of the original jpg background corner �without text� are
presented in the table and in the graph�



simple image tile image
relative absolute relative absolute relative
area size size size size

�� ����� �� ������ ��
����� ����� ����� ������ �����
����� ����� ������ ������ �����
����� ����� ������ ������ �����
����� ����� ������ ������ �����
������ ����� ������ ������ �����
������ ����� ������ ������ �����
������ ����� ������ ������ �����
������ ������ ������ ������ �����
������ ������ ������ ������ �����
������ ������ ������� ������ ������
������ ������ ������� ������ ������

B� Analysis of the Experimental Results

We see that adding text to images does increase the �le
size� In order to use this increase for text detection� we
would like to know how exactly the increase in the �le
size depends on the text size� if we know this dependence�
then� from the sizes of the jpg �les� we will be able not
only to tell that the image probably contains a text� but
also estimate the size of this probable text� Knowing the

approximate size would de�nitely help in actually detect�
ing the text�

Our experimental data shows that in both cases �and
in several other cases not presented in this paper� the
dependence of the �le increase I on the relative text area
A can be describe by a piece�wise linear formula�

� for A � ���� we have I � k �A for some coe�cient k
depending on the complexity of the background� and

� for A � ���� we have I �
�

�
k � A�

To explain this dependence� we must recall how jpg com�
pression works� We will give a very simpli�ed descrip�
tion of this compression �see� e�g�� ��� for a more detailed
and more accurate description�� However� even this sim�
pli�ed description enables us to qualitatively explain the
observed dependence�

The jpg compression is based on the application of Dis�
crete Cosine Transform �DCT� to di
erent image compo�
nents� Usually� for large spatial frequencies� the amplitude
of DCT decreases with frequency� so� for large spatial fre�
quencies� the amplitudes are close to �� In jpg compres�
sion� the values of the amplitude which are below a certain
pre�de�ned level� are cut o
� This cut o
 is the main rea�
son why the size of the jpg compression is smaller than
the size of the original bitmap image�

A piece of text which has a small size corresponds to
large values of spatial frequencies� So� when we add a
small size text to the image� we increase the amplitude
corresponding to these high frequencies� Thus� the coe��
cients which were originally cut o
 because of their small
size become larger than the pre�de�ned level� and thus�
not cut o
 any more� Thus� the size of the jpg �le in�
creases�



On the other hand� larger size details correspond to
smaller spatial frequencies� Therefore� when we add a
large size text to the image� we mainly increase the am�
plitudes corresponding to the spatial frequencies which
were not originally cut o
� Thus� adding this text to the
image does not lead to such a drastic increase in the size
of the resulting jpg �le�

IV� How We Can Use These Experimental

Results� Binary Search Idea

Due to these experimental result� if we have a simple im�
age in which di
erent quadrants have di
erent jpg sizes�
this means that probably� the quadrant of a larger size
contains text�

This conclusion enables us not only to check that there
is a text somewhere� but also to locate this text within a
speci�c quadrant� We can get an even better localization
of the text if we further subdivide this quadrant into four
parts and by comparing the jpg sizes of di
erent parts�
�nd the part most probable to contain the text�

The resulting �binary search
 algorithm does not work
if the text is equally spread between several quadrants
�e�g�� if it is in the center of the upper half of the screen��
To detect such texts� instead of dividing the screen into
four non�intersecting quadrants� we can use intersecting
�quadrants
 each of which starts at the corresponding cor�

ner of the screen and has a size
�

�
�
�

�
of the original screen

�for details� see �����

V� Future Research

In our experiments� we only tested how the size of the
compressed image depends on the area containing the
text� In reality� the compressed �le size depends not only
on the area� but also on the size of the letters forming the
image� probably on the font used in this image� etc�
For example� for the same text size� is we use smaller

letters� this means that we are changing amplitudes corre�
sponding to higher spatial frequencies and therefore� the
increase in the jpg size would be larger� Similarly� if we
use a font with lots of small details� these details cor�
respond to higher spatial frequencies and therefore� we
expect that this font will lead to a larger increase in jpg

size than a more plain font like the Courier font that we
used�
In the future� we are planning to investigate how these

factors a
ect the jpg size and thus� to get a better un�
derstanding of what type of a text we should expect in a
simple image in which several parts have drastically dif�
ferent jpg sizes�
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