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Abstract - The Optical Character Recognition process involves 

several aspects such as segmentation, feature extraction and 

classification. Image Processing Toolbox for MATLAB 

provides a set of functions which extends the product’s 

capabilities for developing applications and new algorithms in 

the field of image processing and analysis. The math 

environment and the creation of MATLAB are ideal for image 

processing, as these images are, after all, matrix. This paper 

shows how to use MATLAB and functions of its image 

processing toolbox to recognize an image in a word or set of 

words and numbers. 
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I. INTRODUCTION 

Optical Character Recognition (OCR) is the mechanical 

or electronic translation of scanned images of handwritten, 

typewritten or printed text into machine-encoded text. It is 

widely used to convert books and documents into electronic 

files, to computerize a record-keeping system in an office, 

or to publish the text on a website. OCR makes it possible to 

edit the text, search for a word or phrase, store it more 

compactly, display or print a copy free of scanning artifacts, 

and apply techniques such as machine translation, text-to-

speech and text mining to it. OCR is a field of research in 

pattern recognition, artificial intelligence and computer 

vision. 

OCR  systems require calibration to read a specific 

font; early versions needed to be programmed with images 

of each character, and worked on one font at a time. 

"Intelligent" systems with a high degree of recognition 

accuracy for most fonts are now common. Some systems are 

capable of reproducing formatted output that closely 

approximates the original scanned page including images, 

columns and other non-textual components. The goal of 

OCR is to classify optical patterns (often contained in a 

digital image) corresponding to alphanumeric or other 

characters. The process of OCR involves several steps 

including segmentation, feature extraction, and 

classification.  

II. CURRENT STATE OF OCR TECHNOLOGY  

Recognition of Latin-script, typewritten text is still not 

100% accurate even where clear imaging is available. One 

study based on recognition of 19th and early 20th century 

newspaper pages concluded that character-by-character 

OCR accuracy for commercial OCR software varied from 

71% to 98%. Total accuracy can only be achieved by human 

review. Other areas—including recognition of hand 

printing, cursive handwriting, and printed text in other 

scripts (especially those East Asian language characters 

which have many strokes for a single character)—are still 

the subject of active research. 

Accuracy rates can be measured in several ways, and 

how they are measured can greatly affect the reported 

accuracy rate. For example, if word context (basically a 

lexicon of words) is not used to correct software finding 

non-existent words, a character error rate of 1% (99% 

accuracy) may result in an error rate of 5% (95% accuracy) 

or worse if the measurement is based on whether each 

whole word was recognized with no incorrect letters. 

On-line character recognition is sometimes confused with 

Optical Character Recognition (see Handwriting 

recognition). OCR is an instance of off-line character 

recognition, where the system recognizes the fixed static 

shape of the character, while on-line character recognition 

instead recognizes the dynamic motion during handwriting. 

For example, on-line recognition, such as that used for 

gestures in the Pen point OS or the Tablet PC can tell 

whether a horizontal mark was drawn right-to-left, or left-

to-right. On-line character recognition is also referred to by 

other terms such as dynamic character recognition, real-time 

character recognition, and Intelligent Character Recognition 

or ICR. 

Recognition of cursive text is an active area of research, 

with recognition rates even lower than that of hand-printed 

text. Higher rates of recognition of general cursive script 

will likely not be possible without the use of contextual or 

grammatical information. For example, recognizing entire 

words from a dictionary is easier than trying to parse 

individual characters from script. Reading the Amount line 

of a cheque (which is always a written-out number) is an 

example where using a smaller dictionary can increase 

recognition rates greatly. Knowledge of the grammar of the 

language being scanned can also help determine if a word is 

likely to be a verb or a noun, for example, allowing greater 

accuracy. The shapes of individual cursive characters 

themselves simply do not contain enough information to 

accurately (greater than 98%) recognize all handwritten 

cursive script. 
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It is necessary to understand that OCR technology is a 

basic technology also used in advanced scanning 

applications. Due to this, an advanced scanning solution can 

be unique and patented and not easily copied despite being 

based on this basic OCR technology. For more complex 

recognition problems, intelligent character recognition 

systems are generally used, as artificial neural networks can 

be made indifferent to both affine and non-linear 

transformations. 

III. FUNDAMENTALS OF IMAGE PROCESSING 

A digital image is composed of pixels which can be 

thought of as small dots on the screen. A digital image is an 

instruction of how to color each pixel. We will see in detail 

later on how this is done in practice. A typical size of an 

image is 512-by-512 pixels. Later on in the course you will 

see that it is convenient to let the dimensions of the image to 

be a power of 2. For example 2
9
=512. In the general case we 

say that an image is of size m-by-n if it is composed of m 

pixels in the vertical direction and n pixels in the horizontal 

direction.  

Let us say that we have an image on the format 512-by-

1024 pixels. This means that the data for the image must 

contain information about 524288 pixels, which requires a 

lot of memory! Hence, compressing images is essential for 

efficient image processing. You will later on see how 

Fourier analysis and Wavelet analysis can help us to 

compress an image significantly. There are also a few 

"computer scientific" tricks (for example entropy coding) to 

reduce the amount of data required to store an image. 

MATLAB includes functions for: 

 Design of filters.  

 Improved and refined image.  

 Image and statistical analysis.  

 Operations morphological, geometrical and color.  

 2D Transformations. 

Image processing is an absolutely crucial area of work for 

those groups and industries that are working in areas such as 

medical diagnostics, astronomy, geophysics, environmental 

science, laboratory analysis, industrial inspection, etc. 

IV. SEGMENTATION 

In computer vision, segmentation refers to the process 

of partitioning a digital image into multiple segments (sets 

of pixels, also known as super pixels). The goal of 

segmentation is to simplify and/or change the representation 

of an image into something that is more meaningful and 

easier to analyze. Image segmentation is typically used to 

locate objects and boundaries (lines, curves, etc.) in images. 

More precisely, image segmentation is the process of 

assigning a label to every pixel in an image such that pixels 

with the same label share certain visual characteristics. 

The result of image segmentation is a set of segments 

that collectively cover the entire image, or a set of contours 

extracted from the image (see edge detection). Each of the 

pixels in a region is similar with respect to some 

characteristic or computed property, such as color, intensity, 

or texture. Adjacent regions are significantly different with 

respect to the same characteristic(s). When applied to a 

stack of images, typical in Medical imaging, the resulting 

contours after image segmentation can be used to create 3D 

reconstructions with the help of interpolation algorithms 

like marching cubes. 

Some of the practical applications of image segmentation 

are: 

 Medical imaging 

o Locate tumors and other pathologies  

o Measure tissue volumes  

o Computer-guided surgery  

o Diagnosis  

o Treatment planning  

o Study of anatomical structure  

 Locate objects in satellite images  

 Face recognition  

 Fingerprint recognition  

 Traffic control systems  

 Brake light detection  

 Machine vision  

 Agricultural imaging – crop disease detection 

Several proprietary software packages are available for 

performing image segmentation 

 Pac-n-Zoom Color has a proprietary software that 

color segments over 16 million colors at 

photographic quality.  

 TurtleSeg is a free interactive 3D image 

segmentation tool. It supports many common 

medical image file formats and allows the user to 

export their segmentation as a binary mask or a 3D 

surface.  

Several open source software packages are available for 

performing image segmentation 

 ITK - Insight Segmentation and Registration 

Toolkit (Open Source)  

 ITK-SNAP is a GUI tool that combines manual 

and semi-automatic segmentation with level sets.  

 GIMP which includes among other tools SIOX (see 

Simple Interactive Object Extraction)  

 OpenCV is a computer vision library originally 

developed by Intel.  

 GRASS GIS has the program module i.smap for 

image segmentation  

 Fiji - Fiji is just ImageJ, an image processing 

package which includes different segmentation 

plug-ins.  

 AForge.NET - an open source C# framework.  

V. FEATURE EXTRACTION 

Feature extraction involves simplifying the amount of 

resources required to describe a large set of data accurately. 

http://en.wikipedia.org/wiki/Intelligent_character_recognition
http://en.wikipedia.org/wiki/Artificial_neural_network
http://en.wikipedia.org/wiki/Affine_transformation
http://en.wikipedia.org/wiki/Non-linear
http://en.wikipedia.org/wiki/Computer_vision
http://en.wikipedia.org/wiki/Digital_image
http://en.wikipedia.org/wiki/Image_segment
http://en.wikipedia.org/wiki/Set_(mathematics)
http://en.wikipedia.org/wiki/Pixel
http://en.wikipedia.org/wiki/Contour_line
http://en.wikipedia.org/wiki/Edge_detection
http://en.wikipedia.org/wiki/Color
http://en.wikipedia.org/wiki/Luminous_intensity
http://en.wikipedia.org/wiki/Image_texture
http://en.wikipedia.org/wiki/Adjacent
http://en.wikipedia.org/wiki/Medical_imaging
http://en.wikipedia.org/wiki/Marching_cubes
http://en.wikipedia.org/wiki/Medical_imaging
http://en.wikipedia.org/wiki/Face_recognition
http://en.wikipedia.org/wiki/Fingerprint_recognition
http://en.wikipedia.org/w/index.php?title=Traffic_control_system&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Brake_light_detection&action=edit&redlink=1
http://en.wikipedia.org/wiki/Machine_vision
http://en.wikipedia.org/w/index.php?title=Agricultural_imaging_%E2%80%93_crop_disease_detection&action=edit&redlink=1
http://en.wikipedia.org/wiki/Proprietary_software
http://www.pac-n-zoom.com/
http://www.turtleseg.org/
http://en.wikipedia.org/wiki/Open_source
http://en.wikipedia.org/wiki/Insight_Segmentation_and_Registration_Toolkit
http://en.wikipedia.org/wiki/ITK-SNAP
http://en.wikipedia.org/wiki/GUI
http://en.wikipedia.org/wiki/GIMP
http://en.wikipedia.org/wiki/Simple_Interactive_Object_Extraction
http://en.wikipedia.org/wiki/OpenCV
http://en.wikipedia.org/wiki/GRASS_GIS
http://grass.osgeo.org/grass64/manuals/html64_user/i.smap.html
http://en.wikipedia.org/wiki/FIJI_(software)
http://en.wikipedia.org/wiki/AForge.NET


The International Journal of Mathematics, Science, Technology and Management 

(ISSN : 2319-8125) Vol. 2 Issue 2  
 

www.klresearch.org  Page 3 
 

When performing analysis of complex data one of the major 

problems stems from the number of variables involved. 

Analysis with a large number of variables generally requires 

a large amount of memory and computation power or 

a classification algorithm which over fits the training sample 

and generalizes poorly to new samples. Feature extraction is 

a general term for methods of constructing combinations of 

the variables to get around these problems while still 

describing the data with sufficient accuracy. The Feature 

Extraction methodology adopted for character recognition 

has been able to provide very good accuracy for a wide 

range of font sizes and styles. The maximum accuracy 

obtained is 97%. The major factor hindering the 

improvement of accuracy is the similarity in character 

shapes and features of certain characters.  Further 

refinement of the system is possible by training the OCR 

Engine to handle commonly encountered errors. There are 

three types of it. 

 Moment based features 

o Total mass (number of pixels in a 

binarized character) 

o Centroid - Center of mass 

o Elliptical parameters 

 Eccentricity  

 Orientation  

o Skewness 

o Kurtosis 

o Higher order moments 

 Hough and Chain code transform 

 Fourier transform and series 

VI. OCR USING SEGMENTATION AND 

FEATURE EXTRACTION 

One example of OCR is shown below.  A portion of a 

scanned image of text, borrowed from the web, is shown 

along with the corresponding (human recognized) 

characters from that text. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Scanned image of text and its corresponding 

recognized representation 

 

A few examples of OCR applications are listed here.  

The most common for use OCR is the first item; people 

often wish to convert text documents to some sort of 

digital representation. 

1.  People wish to scan in a document and have the 

text of that document available in a word 

processor. 

2.  Recognizing license plate numbers 

3.  Post Office needs to recognize zip-codes. 

VII. MATLAB IMPLEMENTATION 

The Character Classifier Graphical User Interface 

(GUI) was written to encapsulate the steps involved with 

training an OCR system.  This GUI permits the user to load 

images, binarize and segment them, compute and plot 

features, and save these features for future analysis.  The file 

is called train.m. 

A. Loading an Image 

Images can be imported into the GUI by clicking on the 

Image menu and selecting Open.  Both TIF and JPG file 

formats are supported.  Most of the testing was done 

with grayscale TIF images (with no LZW compression). 

B. Binarize a Segment 

After opening an image, it can be converted to black and 

white and segmented by clicking in the button in the upper 

right corner of the window. This button will also extract 

the various features. 

C. Labeling the Character 

Once the training image is segmented, a character will 

appear below the text box titled Class Label.  It’s the user’s 

job to label each segmented character appropriately. Once a 

character label has been entered into the  text box, click 

―>>‖ to move to the next character.  One can navigate back    

by clicking ―<<‖. 

D. Saving and Loading the Features, Labels. 

Segmented images, character features, and labels can be 

saved by clicking on the Data menu and selecting Save.   

The characters need not be labeled for data saving to occur.  

Load image data (features, etc.) by clicking on the Data 

menu and selecting Load. 

E. Plotting Class/Feature Information 

All the characters must be labeled before class/feature 

information can be plotted.  If the characters are labeled, 

select two of the features by checking the appropriate 

boxes. Next, click on the unlabeled button to plot the 

characters classes as a function of the features.   If more 

than two boxes are checked, only the first two selected 

features will be used.  

OCR systems require calibration to read a specific 

font; early versions needed to be programmed with images 

 
 

of descriptive bibliographies of authors and 

presses.  His ubiquity in the broad field of 

bibliographical and textual study, his seemingly 

com- plete possession of it, distinguished him 

from his illustrious predeces- sors and made him 

the personification of bibliographical scholarship 

in his time. 
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of each character, and worked on one font at a time. 

"Intelligent" systems with a high degree of recognition 

accuracy for most fonts are now common. Some systems are 

capable of reproducing formatted output that closely 

approximates the original scanned page including images, 

columns and other non-textual components. 

To open the ocr file , we first open the matlab , select 

new m file, then we open the ocr matlab m file by clicking 

the file menu and selecting open type the file name. To run 

the program clicking on run and observe the oput. The input 

file can be changed by changing the name of file in 

following instruction. imagen=imread('TEST_1.jpg'); here 

the file name is TEST_1 in jpg format. We can change the 

file name. 

There is a single constructor for ColorModel. It has one 

parameter, bits, which describe the number of bits required 

per pixel of an image. Since in  an abstract class, you cannot 

call this constructor directly. Since each pixel value must be 

stored within an integer, the maximum value for bits is 32. 

If you request more, you get 32. 

Here are some functions for OCR in MATLAB. 

 public static ColorModel getRGBdefault() 

The getRGBdefault() method returns the default 

ColorModel, which has 8 bits for each of the components 

alpha, red, green, and blue. The order the pixels are stored in 

an integer is 0xAARRGGBB, or alpha in highest order byte, 

down to blue in the lowest. 

 

 public int getPixelSize () 

The getPixelSize() method returns the number of bits 

required for each pixel as described by this color model. 

That is, it returns the number of bits passed to the 

constructor. public abstract int getAlpha (int pixel) 

The getAlpha() method returns the alpha component of 

pixel for a color model. Its range must be between 0 and 

255, inclusive. A value of 0 means the pixel is completely 

transparent and the background will appear through the 

pixel. A value of 255 means the pixel is opaque and you 

cannot see the background behind it. 

 

 public abstract int getRed (int pixel) 

The getRed() method returns the red component of pixel for 

a color model. Its range must be between 0 and 255, 

inclusive. A value of 0 means the pixel has no red in it. A 

value of 255 means red is at maximum intensity. 

 

 public abstract int getGreen (int pixel) 

The getGreen() method returns the green component of 

pixel for a color model. Its range must be between 0 and 

255, inclusive. A value of 0 means the pixel has no green in 

it. A value of 255 means green is at maximum intensity.  

 

 public abstract int getBlue (int pixel) 

The getBlue() method returns the blue component of pixel 

for a color model. Its range must be between 0 and 255, 

inclusive. A value of 0 means the pixel has no blue in it. A 

value of 255 means blue is at maximum intensity. 

 

 public int getRGB(int pixel) 

The getRGB() method returns the color of pixel in the 

default RGB color model. If a subclass has changed the 

ordering or size of the different color components, 

getRGB() will return the pixel in the RGB color model 

(0xAARRGGBB order). In theory, the subclass does not 

need to override this method, unless it wants to make it 

final. Making this method final may yield a significant 

performance improvement. 

 

 public void finalize () 

The garbage collector calls finalize() when it determines 

that the Color- Model object is no longer needed. finalize() 

frees any internal resources that the ColorModel object has 

used. 

 

 DirectColorModel 

The DirectColorModel class is a concrete subclass of 

ColorModel. It specifies a color model in which each pixel 

contains all the color information (alpha, red, green, and 

blue values) explicitly. Pixels are represented by 32-bit (int) 

quantities; the constructor lets you change which bits are 

allotted to each component.  

All of the methods in this class, except 

constructors, are final, because of assumptions made by the 

implementation. You can create subclasses of DirectColor- 

Model, but you can’t override any of its methods. However, 

ONE should not need to develop your own subclass. Just 

create an instance of DirectColorModel with the appropriate 

constructor. Any subclassing results in serious performance 

degradation, because you are going from fast, static final 

method calls to dynamic method lookups. 

VII.  CONCLUSION 

Character recognition plays an important role in this 

modern world where there are heterogeneous representation 

of text based information. It is the mechanical or electronic 

translation of handwritten, typewritten or printed text into  

machine editable formats. Character recognition also  

popularly referred as optical character recognition (OCR)  

has immense potential in future where  we want to track and 

locate every piece of information being  exchanged. This 

paper presents a systematic approach to be used in 

MATLAB for segmentation and feature extraction for the 

OCR. 
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