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Abstract 

This paper ‘Optical Character Recognition for vehicle tracking System’ is an offline recognition system developed to identify 
either printed characters or discrete run-on handwritten characters. It is a part of pattern recognition that usually deals with the 
realization of the written scripts or printed material into digital form. The main advantage of storing these written texts in digital 
form is that, it requires less space for storage and can be maintained for further references without referring to the actual script 
again and again 
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1. Introduction 

OCR deals with the recognition of characters acquired by optical means, typically a scanner or a camera. 
The characters are in the form of pixilated images, and can be either printed or handwritten, of any size, shape, or 
orientation. OCR can be subdivided into handwritten character recognition and printed character recognition. 
Handwritten Character Recognition is more difficult to implement than printed character recognition due to diverse 
human handwriting styles and customs. In printed character recognition, the images to be processed are in the forms 
of standard fonts like Times New Roman, Arial, Courier, etc. 

Today, many researchers have developed algorithms to recognize printed as well as handwritten characters. 
But the problem of interchanging data between human beings and computing machines is a challenging one. In 
reality, it is very difficult to achieve 100% accuracy. Even humans too will make mistakes when come to pattern 
recognition.  

The accurate recognition of typewritten text is now considered largely a solved problem in applications 
where clear imaging is available such as scanning of printed documents. Typical accuracy rates on these exceed 
99%; 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 with a very large number of characters are still 
the subject of active research. 
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1.1 Image and Image Processing 

Image is a two-dimensional function f(x,y), where x and y are spatial coordinates and the amplitude f at any 
pair of coordinates (x,y) is called the intensity or gray level. When x, y, and f are discrete quantities the image is 
digital. ‘f’ can be a vector and can represent a color image, e.g. using the RGB model, or in general a multispectral 
image. The digital image can be represented in coordinate convention with M rows and N columns as in Figure 1.1. 
In general, the gray-level of pixels in an image is represented by a matrix with 8-bit integer values.  

 

 

Figure -1.1(Coordinate convention used to represent an image) 

Image Processing is all about improvement of pictorial information for human interpretation and processing 
of image data for storage, transmission and representation for autonomous machine perception. Processing of image 
data enables long distance communication, storage of processed data and also for application which require 
extraction of minute details from a picture. 

Digital image processing concerns with the transformation of an image to a digital format and its 
processing is done by a computer or by a dedicated hardware. Both input and output are of digital in nature. Some 
processing techniques tend to provide the output other than an image which may be the attributes extracted from the 
image, such processing is called digital image analysis. Digital image analysis concerns the description and 
recognition of the image contents where the input is a digital image; the output is a symbolic description or image 
attributes. Digital Image Analysis includes processes like morphological processing, segmentation, representation & 
description and object recognition (sometimes called as pattern recognition). 

Pattern recognition is the act of taking in raw data and performing an action based on the category of the 
pattern. Pattern recognition aims to classify data (patterns) based on the information extracted from the patterns. The 
classification is usually based on the availability of a set of patterns that have already been classified or described. 
One such pattern is Character. The main idea behind character recognition is to extract all the details and features of 
a character, and to compare it with a standard template. Thus it is really necessary to segment these characters before 
proceeding with the recognition techniques. To achieve this, the printed material is stripped into lines, and then into 
individual words. These words are further segmented into characters. 
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 1.2 Characters - An overview 

Characters in existence are either printed or handwritten. The major features of printed characters are that 
they have fixed font size and are spaced uniformly and they do not connect with its other neighboring characters. 
Whereas handwritten characters may vary in size and also the spacing between the characters could be non-uniform. 
Handwritten characters can be classified into, discrete characters and continuous characters. The different types of 
handwritten characters are shown in Figure 1.3.  

 

 

Figure 1.2: Handwritten character styles. 

 

Processing of printed characters is much easier than that of handwritten characters. By knowing the spaces 
between each character in printed format, it is easy to segment the characters. For handwritten characters, connected 
component analysis has to be applied, so that all the characters can be extracted efficiently. 

Although there are 26 characters in English language, it is observed that both uppercase and lowercase 
letters are utilized during the construction of a sentence. Thus, it is necessary to design a system which is capable of 
recognizing a total of 62 elements (26 lowercase characters + 26 uppercase letters + 10 numerical). 

 

1.3 Design 

 

Fig 1.3 (Block Diagram of network using Correlation) 

 

STEP 1: Image Acquisition. 

Image acquisition is process of scanning the image and then sending it for the Processing of the image. To 
acquire image data, one must perform the setup required by one’s particular image acquisition device. In a typical 
image an acquisition setup, an image acquisition device, such as camera is connected to a computer via USB port. 
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STEP 2: Image Processing 

The first step of character recognition in image processing is to convert the color image into a grey image. 
The method is based on different color transform, According  to the R,G,B value in the image, calculate the value of 
gray value ,and obtain the gray image at the same time. After image processing the image pixel is distinguished into 
two kind of color according to certain criteria. image will be divide into black and white color based on value of 
gray image. The image in gray scale are further converted into binary image and the images having pixels above or 
eliminated 

‘Rgb2gray’ converts RGBimages to grayscale by eliminating the hue and saturation information while retaining the 
luminance. 

‘Im2bw’ produce binary images from indexed,intensity,or RGB images To do this it converts input image to gray 
scale format and then converts this grayscale to binary by thresholding,the output binary image BW has values of 
1(white) for all pixels in the input image with luminance greater than LEVEL and 0(black for all others pixels). 

STEP 3: Character segmentation  

One image often contains a number of characters, while only single character can be classified according to 
its characteristic. The method of character segmentation based on the projection of the character binary image in 
horizontal direction. single character is divided according to the location wave valley which represents the location 
of the of the partition in the projection image. 

STEP4: Character normalization 

Single character image need to be normalized to remove the character in the size and location changes by the font, 
size image acquisition and other factors. The method is as follow: first after comparing with the height required, the 
original character height is obtained, and then gets the transform coefficients, finally transform the width of the 
character was obtained with the use of coefficient. in this study ,the image character are character normalized into a 
24*24 pixel image. 

STEP 5: Correlation 

Correlation is a statistical measurement of the relationship between two variables. 

Possible correlation range from +1 to -1.a zero correlation indicates that there is no relationship between the 
variables. a correlation of -1 indicates a perfect negative correlation ,meaning that as one variable goes up, the other 
goes down, a correlation of +1 indicates a perfect positive correlation ,meaning that both variable moves in the same 
direction together. 

The normalized input image is correlated with the stored template of the various character.. 

2. Methodology 

Figure 3.5 shows a block diagram of how the Optical character recognition process is carried out through several 
stages. The steps involved here are: 

1. Image acquisition      

2.  Preprocessing of the Image 
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3. Segmentation  

4.  Character extraction   

5. Data base creation 

6. Correlation   

7. Recognition   

8. GUI using MATLAB 

 

 

Fig 1.4 (Block diagram for implementing of Project) 

2.1 Image acquisition 

The images are acquired through the scanner. The images are of RGB in nature (Colored). Some of the 
acquired images are shown in figure 3.6. Figure 3.6(a) is an image of a printed text with the font “verdana”. Figure 
3.6(b) shows a handwritten text [7]. 

      

(a)                             (b)                                                                                                               
Figure 1.5:  (a) image of printed text       (b) a handwritten image 
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If carefully observed, one can find some variations in the brightness levels in figure 3.6(a) and some unwanted text 
printed on the back of the paper in case of figure 3.6(b). These unwanted elements are undesired and thus can be 
considered as noise. These elements can hinder the performance of the whole system. Thus it is required to remove 
these noises. Hence preprocessing is required to be carried out on the acquired image. 

2.2 Preprocessing of the Image 

As the captured image is colored in nature, it is required to convert it into a gray image with intensity levels 
varying from 0 to 255 (8-bit image). Then it is converted into a binary image with suitable threshold (Black=0 & 
White=1). The advantage is that the handling of the image for further processing becomes easier. This binary image 
is then inverted i.e. black is made white and white is made black. By doing so, the segmentation process becomes 
easier [6]. Also some small connected components present in the image is also removed. The preprocessed images 
are shown in figure 3.7(a) and 3.7(b). 

 

   

                                                (a)                                                   (b) 

                          Figure 1.6: (a) preprocessed printed text       (b) preprocessed handwritten text 

2.3 Segmentation 

Segmentation is carried out in two stages namely (i) Line segmentation and (ii) Word segmentation. The 
line segmentation is carried out by scanning the entire row one after the other and taking its sum. Since black is 
represented by 0 and white by 1, if there is any character present, then the sum would be non zero. Thus the line 
segmenting is carried out. The lines segmented are shown in figure 3.8(a) and 3.8(b). 

 

      

(a)                                    (b) 

Figure 1.7: (a) Line segmented printed text; (b) Line segmented handwritten text 
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(a)                              (b) 

Figure 1.8: (a) word segmented printed text; (b) word segmented handwritten text 

In word segmentation, the same principle used in line segmentation is used. The only difference here is that the 
scanning process is carried out vertically. The word segmented images are shown in figure 3.9(a) and 3.9(b). 

2.4 Character Extraction 

The characters are extracted through a process called connected component analysis. First the image 
divided into two regions. They are black and white region. Using 8-connectivity (refer appendix), the characters are 
labeled. Using these labels, the connected components (characters) are extracted. The extracted characters are then 
resized to 35 X 25. 

 

 

(a)                                                          (b) 

Figure1.9: (a) connected components in a binary image; (b) labeling of the connected components. 

A connected component in a binary image is a set of pixels that form a connected group. For example, the 
binary image below has three connected components (figure 3.10(a)). Connected component labeling is the process 
of identifying the connected components in an image and assigning each one a unique label (figure 3.10(b)). The 
matrix (figure 3.10(b)) is called a label matrix. For visualizing connected components, it is useful to construct a 
label matrix.  

2.5 Database creation 

Database is like the heart for the recognition system. It is the collection of all the types of patterns to which 
the system will be designed to work. For the character recognition system we need to have English alphabets (both 
upper case and lower case) and numerical data (0 to 9) as the database. Database usually consists of different fonts 
in case of printed recognition system or predefined handwritten characters in handwritten character recognition 
system. The characters are grouped according to their area so that efficiency of the system increases by reducing the 
effective comparisons. 
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2.6 Correlation 

In signal processing correlation can be defined as the technique which provides the relation between any 
two signals under consideration. The degree of linear relationship between two variables can be represented in terms 
of a Venn diagram as in figure 4.1. Perfectly overlapping circles would indicate a correlation of 1, and non-
overlapping circles would represent a correlation of 0. 

 For example questions such as "Is X related to Y?", "Does X predict Y?", and "Does X account for Y?” 
indicate that there is a need for measuring and better understanding of the relationship between two variables. The 
correlation between any two variables ‘A’ and ‘B’ can be denoted by “R AB”  as shown in figure 4.1. Relationship 
refers to the similarities present in the two signals. The strength of the relation will always be in the range of 0 and 1. 
The two signals can be said to be completely correlated if the strength of their relationship is 1 and are completely 
non-correlated if the strength of the relationship is 0. 

 

 

Figure 1.10: Venn diagram representation 

 

 

2.6.1 Correlation of 2D signals  

As in 1D signals, correlation can also be applied for 2D signals. Since image can be considered as 2D signal with its 
amplitude being the intensity of a pixel, correlation concepts holds good. The two dimensional correlation is given 
by, 

    ���, �, �� � ∑ 
��, �, �
�� � �, � � �,  � ���,�,�                              (3.5) 

For example, let us consider two images Figure 3.4 shows the result obtained by evaluating correlation of 2D 
signals. The values shown were obtained by the command, res = corr2(x,y);  

Where ‘x’ represents image of coins and ‘y’ represents image of rice. This command returns a value between 0 and 
1 in res. The value tells about the strength of the relationship of the images. Thus cross correlation can be 
implemented for objet recognition.    
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Figure 1.11: (a) auto correlation of rice image, (b) auto correlation of coins image, 

(c) cross correlation of coins and rice image 

 

2.7 Recognition 

In the recognition process, each character extracted is correlated with each and every other character 
present in the database. The database is a predefined set of characters for the fonts Times new roman, Tahoma and 
Verdana. All the characters in the database are resized to           35 X 25.  

      

(a)                                                (b) 

Figure 1.12: (a) Recognized output for printed text; (b) for handwritten text. 

By knowing the maximum correlated value, from the database, the character is identified. Finally, the 
recognized characters are made to display on a notepad. Figure 3.11 shows the recognized outputs for the segmented 
images. Recognition for both the formats have some errors but the errors in recognizing a printed text are much 
lesser than that the errors encountered during the recognition of handwritten characters (figure 3.11(a), figure 
3.11(b)). 
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3. Flowcharts and algorithm 

3.1 Flowchart Optical Character recognition using Correlation    
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3.2 Algorithm for Optical Character recognition using Correlation   

Step 1: Start the character recognition process using correlation technique. 

Step 2: Image is captured using camera. 

Step 3: Preprocessing in the captured image is carried out. 

Step 4: Segmentation (Line segmentation and word segmentation) of the preprocessed Image is carried out. 

Step 5: Recognition of the characters using correlation technique.     

3.3 Image acquisition    

Image is captured using a scanner. It may consist of handwritten or printed texts. It is input block of the flowchart. 

3.4   Pre-processing       

In this pre-processing stage, captured image is inverted, and then it is cropped. Now this cropped image is converted 
into digital image. 

3.5 Algorithm for Pre-processing        

Step 1: Image is captured using camera; it is input for this stage. 

Step 2: Invert the input image. 

Step 3: Crop the inverted image to the required size. 

Step 4: Convert the cropped image into digital form. 

 3.6 Segmentation 
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3.7 Algorithm for Segmentation 

Step 1: Digital image from the pre-processed stage id taken. 

Step 2: Line segmentation is carried out. 

Step 3: Word segmentation is carried out.  

Step 4: Character segmentation is carried out. 

 

4. Constraints 

1. The input image should be in BMP, JPEG, TIFF, GIF or PNG format. 

2. Character in the image should be visible and should have a good resolution otherwise it decrease the 
accuracy. 

3. Each character in the image should be separate from one and another i.e. the words should not be 
continuous (cursive). 

4. Size of the hand written characters should be nearly equal as it gives better accuracy. 

5. Words and line separation should be visible for better result. 

6. The input scanned document only consists of text in black written on a white background, it contains no 

graphical images. 

 

5. Conclusion 

“Optical Character Recognition” using correlation technique is easy to implement. Since this algorithm is 
based on simple correlation with the database, the time of evaluation is very less. Also the database which was 
partitioned based on the areas of the characters made it more efficient. Thus, this algorithm provides an overall 
performance in both speed and accuracy. “ Optical Character Recognition” using correlation, works effectively for 
certain fonts of English printed characters. This has applications such as in license plate recognition system, text to 
speech converters, postal departments etc. It also works for discrete handwritten run-on characters which has wide 
applications such as in postal services, in offices such as bank, sales-tax, railway, embassy, etc. Since “Character 
Recognition” deals with offline process with 95% accuracy, it requires some time to compute the results and hence it 
is not real time. Also if the handwritten characters are connected then some errors will be introduced during the 
recognition process. Hence the future work includes this to be implemented for an online system. Also this has to be 
modified so that it works for both discrete and continuous handwritten characters simultaneously. 
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6. Future aspects 

As already discussed that the OCR which we have developed recognizes the only English alphabets and 
Numbers.It can also we developed for many other languages.OCR has already developed for Hindi and Bangali,but 
the only the accuracy which hardly exceeds the 98% in large documents.The difference is that we have to store the 
matching template of the particular language.The accuracy of OCR is depend on the template stored and the quality 
of the text image used.Besides this the accuracy of the OCR can also be increase using the algorithm of Artificial 
Intelligent and Back Propagation 
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