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Abstract
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a mathematical formula. We convert the image and then ruhridtigh our interpreter made in ruby

using the Camellia picture library. Most of our implementation is made in ruby supported by three other

languages to get the functions we need.

Our main concern is to find out what classifies an image as being in énagatagory and getting an
acceptable rate of success. We also need to find effective ways of making the job easier for the interpreter,
by dividing the image into smaller parts for example.

The benefits of being able to categorize images is that youidm@it the content of the image. This
improves accessibility by making it easier for people with poor eyesight to browse web pages for example.



Table of Contents

Y 4131 =T PP PPUURRRRPPPRR 2
1 EXECULIVE SUMIMIALY. ...t itittee ettt e ettt ettt e e ettt e e e s sttt e e s ekt e e e e e aabb e e e e e s bbbt e e e e anbbeeeesanbaeeeeennrees 5
P22 L1 o o [FTox 1T o TP TP 6
O ST o) (o [ (o101 oo FE P PP TU PR TR 7
e C0] o] =T g 010 (==Y d ] o) o o F PSSR 8
5 Requirements specification for @NalYZer............cooiiiiiiiiiii e 9
6 DeSIgN Of the @NAIYZEL.......cco ettt e e e e e e e e e 10
(S0 R @0] (o] e (=1 (=T o1 1 o] 4 FUUN PP UT TP T TP 10
LI M=o (] (T ox 1 o] o DO OO PPPUPPTTRN 10
6.3 A high level description of thlassification method..............ccciii e, 11

A 1101 0] (=] 0 T=T a1 e= o] o TR PO PUPRPP 12
7.1 LANQUAGES USE...... ittt ettt et e ettt e e e ekttt e e e st b e e e e s ann b et e e e aanbreeeesannreeeeeaans 12
B0 0 I - V= TP UPPPRPPP 12
5 2 O -SSP 12
45 TR 31 Y1 o o H RO SPRPUPPPR 12
0 U ) RPN 12
7.2HOW the SOftWAIE WOTKS......ciiiiiiiiiie ittt e e e et a e e e s nbee e e e e neeeas 13
7.2.1 Decide the colors we want to SCANfQL...........oueviiiiieiiiie e 13
7.2.2 TEKPAEIN AELECHION. .. ..eiiiiiiiiiiie ettt e e et e e e s s sabaeeeeeans 13
RS (0] (=T 67=Tox 1 To] o o (1 1= Tox 1 o] o OO PPPRRSRT 13
7.2.4 Classifying a image as @ formUIAL.............oooiiiiii e 13
7.2.5 Classifying @ teXt @S @ 10Q0.......ceiiiiiiiiiiie et a e e 13
7.2.6 Labeling SONtBiNG S @ IMAQJE........ciiueiiiieiiie ettt e e e e e e e e e e s e saneenee 14

7.3 Decreasing the amount of elements wrongfully classified as images..........ccccccccvveeeeeniinnns 14
7.4 Increasing the effiCIBNCY........cooi i 15
7.4, 1 MaXimuUm INEISECHONS. ... .uuiiiiiieee e i e i ittt e e e e e e e e e s ss e e e e e e e e e e e e s s s anneeraenereeeeaaeeesenan 15
A = 111 o =PSRRI 15



L I B (Yol U1y o] o TR 17

9.1 PrOJECE OULCOIMES ....ceiiiiuiitiei ettt e e sttt ettt e e sttt e e s ss bt e e s e bbbt e e e e abbe e e e e anbbe e e e e anbbeeeeeannees 17
9.2 Evaluation Of the OVEIall MBS ...........coouuniiiii et e e e e et e e et e e ena e 17
IO T O 0] T3 [V (o Y a T 18



1 Executive summary

Images are widely used on the internet today. They are lysgiaen to illustrate a text, draw a logo
containing special fonts or to display text that the creator of the page is unable to, or does not know how
to represent by other means. As these images usually is inaccessible or difficult to access fohpeople w
are blind or has other difficulties with their eyesight we want to create a automatic classifier for these
images so that it is possible to know if the content of a image

We have decided to base this project on the CameliZge Processing & Computéision library(1). By
using this and creating our own algorithms, we have created a fairly fast scanner that is able to sort a
given image into one of 4 categories.

Some of the most difficult tasks have been to distinguish between the different typlesy ase floating
into each other. How artistic should we allow a text to be before we call it a logo, or when does a logo with
lots of graphical elements turn into a picture?

We have been successful in creating a set of algorithms that are able fmdish between the different
categories most of the time. By adjusting some small parameters, it is also possible to tune the speed
versus accuracy ratio. We have implemented this option to make the software more versatile and thus
easer to use in diffenat settings.



2 Introduction

The main purpose of our project is to classifjarit 3S Ay G2 RAFFSNByd OFGSI2NRASasz
image, a logo, text or a mathematical formula. This will be done by running it through our interpreter

made in ruly. By using this approach we can improve the accessibility a web page for both physically
challengedbeople, or for use on mobile devicEbe process itself consists of converting the image to a
manageabldormat, and scanning for various colors and sh&dé colors.

As we want to be able to use the scannerin-tedl YS> ¢S | NB dzaAy3 GKS YL{{ YSiK?2
{AYLX ST {(GdzLIARé ® . & F2ff 2¢gA yadalySiKpkogranttihtizhaBl&td A ySé 4SS K|
classify most images given to dreectly.

By using camellifl) and Ruby(2) we have created a set of algorithms that enables us to quickly analyze a
large amount of images and classify them.

We have also given the scanner the option of performing a more extensive scanmidgr to ceate
Y2NB | OOdzN» G§S NBadzZ 64ax FyR YFRS AdG otS G2 aOKSFGE R
speed

We chose this project because it seemed challenging and uséddlso a good way to learn the ruby
languageandto be able to creatsome algorithms of our own.



3 Background

There haebeen made some attempts to classify images, and masieofh have been fairly successful.
Most attempts at image recognition have been made in fields unrelated tebaséd problems. Image
recogniton have been used to find patterns for use in Artificial Intelligence and is often described as
belonging to the field of Artificial Intelligend@n example of use is getting a robot through an
environment by recognizing its surroundings)

There has &en two earlier projects here at HiA where the goal where to create an image analyzer and
classifier. They have tried to approach the problem by using for instance statistics, pattern recognition and
edge detection.

The 2004 projedi3) chose to ignore edgdetection and assumed use of png or gif for text and formulas.
They used statistical methods to determine the nature of an image (Poisson, Entropy, standard deviation,
fAyS al0lys .SyFTF2NRQa fl40d

The 2005 projedid) used edge detection, making it eadierdistinguish between objects and the
background. They used three different algorithms (Entropy, standard deviation and pixel search. Also
called line scan ) to determine the type of the image.



4 Problem description

We want to be able to categorizenages containing logos, pictures, formulas and.t&kieapproachwe
want to useisthat we want to usehe different colors of an image to detect patterns in structure of the
image instead of trying to creaeOCRsoftwarethat scans for predefined pattes. This way we should
alsobe able to detect unknowcharacters and uncommon fonts as text.

The first problem we encountered where how we wanted to distinguish a logo with a texh andge.
We had the same problem differentiating between formulas tamxé

Example:

The formulerot x = tan x = sin x is readable as a straight forward string, and is therefore impossible to
detect as a formula as long as we also want to detect stringstiiig is a plain text" and classify them
into different categories.

The CTRL+ALT+Ddfo containsartistic text on a graphical background. It is therefore extremely hard to
detect the text in this image when comparing with, for instance, the EIAO webminindt laigo. contains
same graphical elements, but they are still a part of teett\We have therefore decided that we are going
G2 OfraaAraTe al NIAadGAOe ¢oaldbe dalletl atextova tektSogo. s KA f S

EIAS

Figure 2: The EIAO webmining logo

Figure 1: The CTRL+ALT+DEL comic logo
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5 Requirements specification for analyzer

The image analyzer should be able to classify muasges correctly. It should also be able to detechif a
image is a text. We are not going to create software that does OCR.

We want to be able to divide the images given to the software into 4 different categories. These are
pictures, formulas, text andd¢os containing text.

We also want to make it really fast, so we have to make sure the algorithm stays simple.

We would like our interpreter to have a susseatio of around 80%, thereby making it suitable for
practical use.

The text pattern analyzer shta only be ble to detect horizontal lines as catering for all the different
angles will demand more processing power and make the software much more comglds.not want
to be able to detect multiple lines of tdrtthe same image.



6 Design ofthe analyzer

The image will first be processed to detect the colors that are used as background colors. These colors will
not be used when detecting regions that are classified as interesting.

We then detect all interestingreasfrom the image andort them.The next step is to analyze the
interesting squares and then try to detect if they are aligned on a line. The last part of the analysis is to
detect if the interesting areas are intersecting each other

l 6.1 Color detection

We have defined some colors thaitl should be able to detect most colors used in a image, but as we do

not want to detect the background color, we have to remove these from the detection procedure. Since the
background color varies, depending on the colors used by the fonts in the, iwadpave to rebuild the

array of colors we want to detect for each image. We also have to keep in mind that some images have a
small border around them, and still be able to detect the background color.

l 6.2 Line detection

In order to detect if we are wking onanimage containing a textve want to check if most of the
interesting areas are in between two lin@his way we may detect text stringsd logos containing
mostly text.



I 6.3 A high level description of the classification method

When speed imore important tharthe percentage of correctly classified imagibe results are interpret
as outlined by the diagram below

Table 1: interpretation of the scanner results
We have also implemented more extensive algorithms, like the DoubleScan method.

These are discussed in chapter 7.3 and 7.4



7 Implementation

I 7.1 Languages used

We have been using 4 different languages in this project. &fatiem has different strengths and
weaknesses, and our knowledge of them wary gredlilg.have tried to develop most of the project in
Ruby, while using the other languages to create helping functions that would be difficult to implement in
ruby.

| 7.1.Java

In order to download images automatically, we had to use a web crawler. As the objective of thisiproject
to analyze images, not to create a way to download them, we are going to use WeliDeech

| 7.1.2C#

We have used C# from Microsoft in order to teemimage converter. This small software converts all
images into BMP files that Camellia is able to work on.

| 7.1.3 Python

Due to the lack of image processing libraries in ruby, we had to create a small script that could split the
AYF3Sa ¢ KS poundedsdag’ 32 KSR gode by using the Python Image Library &)iL)

| 7.1.4Ruby

The main implementation has been done in ruby by using the Camellia limaggand all image
classificationsdone here.




I 7.2How the software works

As the softvare we have created depends heavily on the Camellia Image Processing and Computer Vision
library, most of these methods consist of passing data to Camellia and analyzing the results. Below is an
outline of the most important methods we have createdl howthey are used to classify the images.

| 7.2.1 Decide the colors we want to scan for

The software will scaanimage for blobs using different colors. All colors that return a blob that has the
same with or height as the image we are working on are theradisd since they probably are the
background color. If all colors are discarded, we try to scan using all the didcatdes

| 7.2.2 Text pattern detection

By analyzing the blocks we are using the average top and bottom value to define where we expect to
locate a textWhen performing this scan, we are using a minimum pixel height and width in order to avoid
that small blocks like punctuations or an area pirmage with lots of different colors, are able to confuse
the detector.The way we have implemesd the detector, results in it being unable to detect lines of text
that are not on, or close to, a horizontal line.

| 7.2.3 Intersection detection

By scanning for areas where the blocks are crossing each other, we are able to detect if elements in a
imageare intersecting each other. When used together with the text pattern detection, we are able to

7]
detect formulas lik¢f = lim,, ... {1 + i:l .The formulaf = sin x + cos 2x will however be detected as a

line of text since most of the characters have the same size

| 7.2.4 Classifying a image as a formula

As common propertiesf theformulas we want to detect arthat its heightis larger than the used font *
=in f

2. Examples of formulas satisfying these requirementsautes = and_::' = x*, The formulas that

cos 8

containordinary characters and are fitted on one line, ¥ke =in x + cot ¥ will be detected as a ordinary
line of text.

The properties we are searching for are therefore few intersecting areas while the detected areas are
scattered in a way that makes the text perin detection algorithm classify the given image as not text.

| 7.2.5 Classifying a text as a logo




When classifyingraimage as a text logo, we want to be able to classify the image as a image and a text.
This is done by using the results from the textgratdetection and the intersection detection.

If the image is classified as a text, but the amount of intersecting areas are above a certain threshold, we
believe this to be evidence of textual elements and artistic graphics inside the same image.

\ 7.2.6 Labeling something as a image

If a image is not classified as a image, it probably fits here. Common properties of an image are that the
text pattern detection algorithm is unable to locate a text pattern, while many of the detected blocks
intersect witheach other.

I 7.3 Decreasing the amount of elements wrongfully classified as images

After performing the normal scan, all pictures that area classified as images, will be divided into two parts
and then rescanned. The scanner will use the same metho& a®tmal scan, but the result will be two
values. It is therefore necessary to combine these rediilis.combination is given by the table 2.

Image Text Text logo Formula
Image Image Text Logo Text Logo Formula
Text Text Logo Text Text Logo Text
Text Logo Text Logo Text Logo Text Logo Text Logo
Formula Formula Text Text Logo Formula

Table 2: Combining the results from the DoubleScan



I 7.4 Increasing the efficiency

| 7.4. 1 Maximum intersections

As all photos will be detectedth a lot of intersections, we are offering the option to define a number of
intersections that will classify a picture as a image. The higher the value given, the more precise the
detection will be, but a high number also reduces the advantage of thsghmethod.

| 7.4.2 Example:

44 files Time used with Errors with Time used without  Errors without
DoubleScan DoubleScan DoubleScan DoubleScan
Total/average Total/average

Without maximum 23.469s 3 Errors 14.12% 4 Errors

intersections 0.574s 3 not classified 0.353s 4 not classified

With maximum 12.469s 2 errors 5.344s 3 Errors

intersections set to 0.304s 3 not classified 0.134s 4 not classified

100

Table 3: Time used to analyze 44 files with different content

As we are ble to see from this table, it is possible to greatly reduce the time the analyzer are using by
setting a maximum amount of intersections needed before the picture in question is classified to be an
image. It does however introduce some more errors.

The ombination of splitting images into two and analyzing epalt will in cases where there are many
images be faster than analyzing the large image as one single unit. It also gives more correctly labeled
images as long as the images are large. The smalilmageis, the more inaccurate the scanner becomes



8 Evaluation and testing

We have created a set of images that we wanted to fEkis set has been based on the definitions given
in chapter 7 and limitations from chapter %, order to makesure thatwe are not counting images, which
we should not be able to categorize, as errors.

As we expected, we have been able to categorize all images, texts and formulas correctly, while the logos
are the most difficult to put into the right tegory.

Result Image Text Logo Formula
Input
Images (13) 100% 0 0 0
Texts (6) 0 100% 0 0
Logos with text (16) 19% 50% 31% 0
Formulas(7) 0 0 0 100%

Table 4: Percentage of analyzed images correctly identified

We have, as table ghows, been able to detect most of the images correctly. We do however have some
problems detecting the logos correctly. This is because of the diversity of the logos that we are analyzing.



9 Discussion

J 9.1 Project outcomes

We are able t@ategoriz most of the images correctly, but some errors still exist. The analyzer is able to
quickly scan a large amount of images while categorizing them in a satisfactorpwae predicted,

there are some problems when trying to categorize logos, but weatisgiad with the result we have
gained.

In order to classify these graphical elements correctly, we need to separate the image into two pieces,
which is the processed. This is a more computer intensive approach, but it usually gives better results than
the standard modas long as the size of the original image is not too small.

Further expansions could be to implement histogram analysis in order to separate photos from drawn
images. Another expansion should be to make the image cropping more dytharsienabling it to crop

the image into parts based on the amount of information stored in each area of the image. We would also
recommend that an algorithm for cropping the images based on horizontal lines is implemented. This
would enable the software tecan images and detect if they only contains text, like most spam images, or
if they contain graphical elements like a photo.

I 9.2 Evaluation of the overall results

The combination of pattern detection and color intersection has been highly succesdfwie ame really
satisfied with the performance of the software.

As we have been unable to locate similar approaches to the process of image classification, we feel that
we have found a good new method for the computer classification of images.

The decisio to create the software in Ruby where done since the Canh@itige Processing & Computer
VisionlibranA & g NRARGGSY Ay /X odzi A& I @At ofS F2NJ dza$
rather than a highly optimized software, we settled Ruby as the main language. If this is to

implemented as a large system, we would however recommend that the ruby code is translated to C in
order to reduce the image processing time.

gAlK



10 Conclusion

As long as content creators are unable to display thterd they want in a way that is understandable by
most large web browsers, they are going to create content as images, thus making it inaccessible for
people using text only browsers.

Sincethere are a lot of different ways to display text and imagesieghod that fit all will probably not be
possible to create without using large amounts of computing power.

Our implementation relays heavily on the work done by the Camellia project, and due to their high speed
image analysis, we have been able to cremtégh speed classification program for images while being
able to keep the percentage of correct images on a high level.

Due to the implementation of the two different scanning levels, we are able to give the user the choice
between a fast classificatioor a more accurate, thus slower, analy§isssible areas where this could be
used is together with a OCR software and a text based browser. We could then avoid that the OCR
software tries to detect text in a image that we have found that contains ordgés.
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