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ABSTRACT 

Text extraction is one of the major areas of research in the field of document image 

Analysis. Text retrieval is needed for bibliographic databases, structuring images etc. 

Text embedded in multimedia data, as a well-defined model of concepts for humans’ 

communication, contains much semantic information related to the content. This text 

information can provide a much truer form of content–based access to the image and 

video documents if it can be extracted and harnessed efficiently. 

Moreover, automation of this process will greatly reduce the human interference while 

converting books (specifically their covers where this task becomes extremely difficult) 

to readable and editable electronic format specifically for electronic book readers. 

However this is a challenging task because images contain text of different size, style, 

orientation, alignment, low contrast, noise and have complex background structure. 

This dissertation propounds a method for extracting text from images of book covers and 

embedded text. A new text model is constructed to retrieve text regions from the scene 

text images. The image is first clustered to reduce the number of color variances, a 

suitable plane is identified and then text region is segmented using connected component 

based method. The text thus obtained is then enhanced to ameliorate the results. A 

detailed study of sundry techniques that have been proposed so far, along with their 

performance analysis has also been incorporated in the work. 

The algorithm is evaluated comprehensively on various datasets including ICDAR -2011 

dataset. The experimental results demonstrate that the proposed text detection method can 

capture the inherent properties of text and discriminate text from other objects efficiently. 

The proposed method gives a very high character recognition rate for monochrome 

images, however in cases where there is a drastic variation in the text features rejection is 

noticeable.  
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1.1 Motivation  

With the advent of e-books and the device to read those books has opened up a new field 

of research, that is; text recognition. While Gutenberg, openlibrary, Google play books 

etc provides free classical eBooks for readers at the same time Amazon, Google, etc have 

an option to buy electronic version of books. The classical eBooks are produced with the 

help of scanning already available printed material. Optical Character Recognition (OCR) 

algorithms are then applied to extract the text and generate eBooks.  

In recent years, with the rapid development of multimedia technology and 

computer network, the competence of digital image around the world has increased. 

Digital images present on the web contain a lot of useful information. These document 

are generally polychromatic i.e. contain various colors, which in fact is an advantages in 

separating the required information. Due to the complexity of page-layout, multicoloured 

or textured background patterns or even background images, the automatic retrieval of 

relevant information from colored paper documents is a challenging task. In addition, the 

appearance of text elements may differ not only in color, character font and size, but also 

in orientation and alignment. 

Current computer vision and artificial intelligence technology can not 

automatically mark the image but must rely on manual annotation for image marking, 

which is not only time consuming but also often erroneous or incomplete with inevitable 

subjective bias, that is different people have different understanding methods for the same 

image, which leads to identification error in image retrieval. This requires a technology 

that quickly and accurately searches for and access images. 

There arise two major problems during this automated process of ebook generation 

1. Recognition of the text in the exclusively text areas, and  

2. Recognition of the text embedded in the image; for example at the cover of the 

book, on the sides of the book, in pictures, etc. 

There exists number of solutions for the first task [1-5]. There exist a few solutions for 

the second task [6-10] .The current manuscript deals with problem faced in second 

situation.  
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1.2 Text Features 

A number of variations are exhibited by the text present in the images with respect to the 

some properties. Most of them follow from the research done in the image analysis.  

 Size:  

Depending upon the application, the size of text in an image is assumed. This is 

done as there is a lot of variation in the text size. Size of the text is set to a 

readable range and thus is always above a defined value however the upper bound 

of the text is loose. For example, in Figure 1.1 the size of the caption is variable. 

 Alignment:  

Generally text is aligned horizontally in caption images, however sometimes due 

to addition of some special effects it can appear non planar as well. In case of 

scene direction of the text is uncertain and can have distorted geometries. 

 Color: 

The variation in the color of the characters of a text line is miniature, they are 

almost equivalent. Connected component based approaches use this characteristic 

in their advantage for text detection. Enormous work has been reported about the 

images that are monochromatic. However such is not the case in videos and scene 

images. They contained two or more colors for better visuals. 

 Motion:  

In case of videos motion is one parameter that is used for tracking. In the 

consecutive frames of a video characters do not change significantly. This 

property is well utilized in algorithms of text tracking. Movement or motion of 

text is also a criterion, while caption text moves either horizontally or vertically, 

movement of camera or the object itself leads to the arbitrary orientation of the 

scene text.  

 Rigidity : 

Text strings or the caption text maintain their shape, orientation, size and font over 

multiple frames in case of videos. However this may not be true in cases where 

text has special graphic features incorporated. Generally this feature is maintained 

in several images. 
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Figure 1.1: Image with caption text 

 Edge: 

Strong contrast edges are defined for the text regions of the image so that the text 

is easily readable in case of caption text. Hence text extraction could be made 

more efficient by identifying these edges.  

 Compression: 

 Generally digital images are stored, exported, and processed in a compressed 

format. Thus, a competent text extraction system is developed if text retrieval is 

performed without performing decompression. 
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1.3 Text Classification 

 Image text is categorized in two ways: one is called the scene text and the other is called 

artificial text 

SCENE TEXT 

Scene text refers to the two-dimensional image of scene texts in the real three-

dimensional world received by a camera or video camera, such as the license in car 

 

 

 

   Table 1: Properties of an image  

 Property   variant   

  Size  Constant text size  

    Horizontal/vertical  

Geo- 

 

Alignment 

 Skewness in lines  

  

Curves 

 

    

Metry 

     

   3D perspective distortion  

  Inter-    

  character  uniform distance between characters   

  Distance    

  

Color 

 Gray  

   

Color (monochrome, polychrome) 

 

     

    Static  

 

Motion 

 Linear movement  

  2D rigid constrained movement  

    3D rigid constrained movement  

    Free movement  

  Edge  High contrast at text boundaries  

Compression 

 Un-compressed image  

 

JPG, MPEG-compressed image 
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pictures, shop signs that occasionally appear on the video screen or texts on street 

advertisements.  

Uneven illumination, camera or video camera distortion, lack of exposure and narrow 

dynamic range, titled shooting angle, uneven surface of three-dimensional texts and 

various degrees of pollution and other reasons will all lead to low-quality images [11]. 

Since character size, font, color, direction and background texture of the text is a priori 

unknown, it is difficult to extract and identify this type of text. 

Scene images contain the text, which is obtained naturally when the scene images are 

taken by the camera, Complexity of the scene images is due to the presence of varying 

features  such as the styling, alignment, sizes etc ,these features leads to a complex 

background, meanwhile the resolution of the images is low. Morover, scene text is 

generally affected by lighting conditions and perspective distortions. The current OCR 

software available is unable to handle the inference of the background and complex text. 

Therefore recognition of the scene text directly is impossible. Text extraction from 

natural scene images is full of challenges. 

ARTIFICIAL TEXT 

Artificial text is a man-made text, with more criterion features and purposes, such as the 

artificial text in synthesized images and the title sequence, epilogue and subtitles in 

videos [12]. It can be seen that compared to scene texts in videos, this kind of text has 

more noteworthy content, which makes it easier to detect and identify and play an 

important role in video retrieval. Therefore, we mostly use artificial text for the 

processing of video texts. 

In order to have a more detailed understanding of text location and extraction in complex 

background, Figure 1.2 shows the dissimilarity in image source, color, background 

complexity and application between scene text and artificial text. (Note: the text location 

and extraction within a single frame of dynamic images is basically the same with that of 

static images. 
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Figure1.2: Scene text image 

 

 

 

 

 

       Figure 1.3:Multi-color document images 
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Table-2: Text Classification 

              

1.4 Text Information Extraction 

The predicament of text information extraction needs to be defined before going any 

further. A TIE model has five stages. All the stages are explained thoroughly in the next 

chapter. Here we give a brief overview of the process. Input to this model is any image, 

generally a scanned is considered, and the input image can be colored image or a 

grayscale image. In the literature a variety of images have been considered. As described 

in the previous section. These images can be caption images, digital born images or 

naturally captured images called the scene text images. 

The input image undergoes the following process i) detection ii) localization iii) 

segmentation iv) tracking v) recognition. 

Text detection is the process of determining the existence of text in the image. This is 

generally suitable for sequence of images. Text localization is basically used to obtain the 

location of the text region in any image. Text tracking is performed in case of videos; it 

reduces the text localization time and also maintains the integrity of the position of the 

Classification Scene text Artificial text 

Sources of 

image 

Static images  (including 

digitized pictures, pictures 

received from digital 

camera or scanner) 

Dynamic images(video 

sequence or film 

documents),synthesized 

images on www 

Color Grayness or color Color 

Complexity of 

background 

Spinning, tilted, partially 

hidden, uncontrollable light 

Both background and text 

can be mobile 

Field of 

application 

Color image database, car 

license identification 

Content based video search, 

retrieval and web search 
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text region. Text segmentation is needed to facilitate text recognition as segmentation 

separates the text from its background. Text enhancement is performed to improve the 

results as text regions are some times of low resolution and prone to noise. 

1.5 Scope of the Dissertation 

In this dissertation, we discuss the various stages of Text Information Extraction model 

including preprocessing, text detection, detailed study of the region based segmentation 

approaches etc in the Chapter-2.  

In Chapter-3, we review the literature of the text extraction approaches that includes 

algorithms for clustering, text detection and text segmentation etc. A detailed description 

of all the text segmentation methods that includes, CC-based method, Edge based 

method, Texture based method, Morphological based method etc. Along with the 

methodologies used in the past a performance analysis of these methods is also described 

in this chapter. 

In Chapter-4, we describe the proposed method for text retrieval from the scene text 

images. In the pre processing stage, color variation is reduced using histogram based 

clustering. In the next stage the text segmentation performed using the connected 

component based technique has been explained. Noise in the form of figures, non-text 

regions or logo in the book covers are removed using MOs. Final stage of the algorithm 

briefs about the text identification process. A fresh way of displaying the recognized text 

is worked upon and implemented on the various datasets. 

In Chapter-5, we display the investigational results obtained after applying the proposed 

method on a various datasets, such as ICDAR 2011 etc. Performance analysis of this 

technique is also discussed in this chapter using the parameters of text localization i.e. 

recall rate, precision rate, f-mean etc. 

Chapter-6, gives concluding remark of the dissertation, explaining all the finding and 

observations along with the improvements to consider for the future.  
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Text retrieval process is defined generally using a text information extraction model. The 

input to this model is any RGB or grey digital image, image could be compressed or 

uncompressed, and text in the image can be motionless text or moving one. The model 

can be alienated into mentioned stages: 

a) Text detection 

b) Text localization 

c) Text tracking 

d) Text extraction and enhancement 

e) Text recognition(OCR) 

Figure 2.1 shows a generalized text information extraction model. A brief explanation of 

all the stages is given in the next section. 

 

 

 

 

 

 

 

 

 

Figure 2.1: Text information extraction model 
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2.1 Text Detection 

Text detection is the most fundamental step, it is significant as, in this step decision about 

the existence or non existence of the text in the image is made. With the researches going 

on it has been identified that certain type of text contains text, for example it is generally 

assumed that scanned images of book covers or compact disk covers will be text images. 

The text detection stage seeks to perceive the occurrence of text in a given image. Many 

small color variations are shown by a color picture after digitization that shows minimal 

variation with naked eyes. These small not useful variations need to be eliminated. This is 

performed during the preprocessing stage. should be eliminated in a pre-processing step. 

Clustering algorithms are used for pre-processing. Depending on the clusters, a pre-

processed image is computed by categorizing pixel depending upon the similarity with 

the original colors. 

Clustering is a process for classifying objects or patterns such that samples of the same 

group are more similar to one another than samples belonging to different groups [13]. 

Various clustering techniques [15-17] have been proposed so far, each of which has its 

own special characteristics, some of the techniques of interest are, Euclidean Minimum-

Spanning-Tree (EMST) [15] based clustering requires a pre defined threshold, Fuzzy C-

Means (FCM) [16] is a fuzzy clustering method, it is a soft segmentation method, k-mean 

clustering [17] is a partitioned clustering technique that clusters objects based on 

attributes into k partitions. Histogram based clustering is a hard clustering approach. 

According to the application these techniques are used for different purposes. In the 

present approach we used histogram-based clustering technique. This clustering is based 

on spatial and feature space clustering [18] and significantly reduces the number of 

colors. It has the advantage that no critical threshold has to be defined; moreover it 

requires no prior knowledge of the expected number of clusters, which is required to 

solve the problem at hand. 

2.2 Text localization 

Text localization is the process of obtaining the location of text in the image and marking 

the text regions with the help of bounding boxes around the text [19]. Text localization 

methods utilize the features and other properties of the text and casiffy the methods in 

three ways: region-based methods, texture-based methods and hybrid methods. 
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2.2.1 Region-based methods 

The properties of an image discussed in the previous section plays a crucial role in 

deciding various methods of text localization. One major property of any image is the 

color or the greyscale of the text region in an image and its variance as compared with the 

background of the image. 

These methods can furthermore be fragmented in two sub-categories: connected 

component (CC)-based and edge-based. These approaches work in a bottom-up fashion; 

sub-structures, such as CCs or edges, are identified and then the text regions are marked 

with the help of bounding boxes.  

a) CC based method 

Small similar components of the input images are grouped to form successively large 

components using bottom up approach in the case of CC-based methods. This process 

iteratively continues until all the regions of the image are not identified. 

Filtering of the non text regions of the image is performed by considering a geometrical 

analysis which merges the components using the spatial arrangement of the components 

and mark the boundaries of the text regions. 

Due to their comparatively straightforward execution, CC-based methods are widely 

used. Generally the CC-based methods work upon four basic: (a) preprocessing (b) 

Generation of the CC’s, (c) removal of non-text regions, and (d) Grouping of text regions. 

A CC-based method gives promising results for polychrome text strings with low 

resolution as it is able to defragment the image into multiple [20]. In addition, numerous 

threshold values are required so as to eliminate the various non text areas. These 

threshold values are dependent on the input image being considered decides the value of 

the threshold to be selected. 

b) Edge-based methods 

Edges are those portions of the image that corresponds to the object boundaries. There is 

a major contrast in the text and the background and this drastic variation forms the edges. 

The non text region of the images is filtered out by firstly identifying the edges of the text 

boundaries and then applying various heuristics [21]. Generally, an edge filter is 
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incorporated for the identification of the edges in an image, and for the merging stage an 

averaging operation or a morphological operator is used. 

Canny edge detection algorithm: 

Canny edge detection algorithm is also known as optimal edge detector. This algorithm 

was designed to satisfy three criterions [22]. First criterion is a low error rate and removal 

of all the unwanted information while keeping the useful information intact. Second 

criterion to keep minimal variation in the original and proceeds image. Third criterion is 

to eliminate multiple responses to any edge. 

Following this criteria, the algorithm first removes the noise element in the image. This is 

accomplished by performing convolution of the image with a using Gaussian filter; 

example of such filter is given in Figure 2.2. Regions having high spatial derivatives are 

than identified by calculating the image gradient. Sobel operators are used to calculate the 

gradient. In the next step a non-maximizing suppression is used to suppress any pixel 

which is not at its maximum [22]. Hysterics is then applied to further reduce the gradient 

array so as to remove streaking and thinning edges. 

 

2  4 5 4 2 

4 9 12 9 4 

5 12 15 12 5 

4 9 12      9 4 

2 4 5 4 2 

Figure 2.2: Gaussian filter 

2.2.2 Morphological based methods 

Mathematical morphology is a topological and geometrical based approach for image 

analysis. This method efficiently extracts geometrical structures from the image and helps 

representing different shapes depending upon the applications. It uses various operations 

1/11
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to perform this task [23]. Character recognition and document analysis uses the 

morphological features for the extraction of data and it has been very resourceful. It is 

useful in retrieving important text features from images.this method gives promising 

results because operations like translation, rotation and scaling do not have any effect on 

the geometrical shape of the image. Change in text color and the light conditions also do 

not have any effect on the features .This method works robustly under different image 

alterations 

A brief description of some of the popularly used MOs is given below; 

a) Erosion: This operation erodes away the edges or the boundary region of 

foreground pixels, in simpler words the white pixels. This leads to shrinking of the 

area of foreground pixels, which in return enlarged the holes present within the 

area [24].The erosion of a binary image f by a structuring element S (denoted by f 

Θ S) produces a new image g which consists of all one’s located in structuring 

element’s origin at which that structuring element S fits the input image f. 

b) Dilation: This operation enlarges the edges or boundary region of the foreground 

pixels. In case dilation the structuring element consists of all one’s. The new 

binary image formed by a structuring element S (denoted f  S) gives a output 1 

where the structuring element coincides the input image f, i.e. g(x,y) =1, otherwise 

value is 0.Dilation is a reverse process of erosion; a layer of pixels is added to 

both the inner and outer boundaries of regions. Figure shows the two processes. 

c) Opening: Opening is hybrid process and consists of erosion followed by dilation 

and this operation is capable of removing pixel values that are too diminutive to 

contain the structuring element. 

                                          ৹                                                        (1) 
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a) Greyscale image                          c) binary image by thresholding 

                         

               b)  Dilation                                         d) Erosion 

Figure 2.3: Morphological operations [24] 

                 

Figure 2.4: Effect of opening using a 3×3 square structuring element 

d) Closing: Closing consists of a dilation followed by erosion and can be used to fill in 

holes and small gaps. The closing operation has the effect of filling in holes and closing 

gaps. 

                                                                                             (2)       
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Figure 2.5: Effect of closing using a 3×3 square structuring element 

2.2.3 Texture-based methods 

Texture-based methods use the inspiration that texts in images have distinctive textural 

properties that distinguish the text and the  background [25]. The textural properties of the 

text regions can be perceived by using techniques based on Gabor filters, Wavelet, FFT, 

spatial variance, etc. The following parameters define the texture of an image [26]. 

 Energy: This value also called Uniformity or Angular Second Moment. ASM 

describes image smoothness. It calculates the textural uniformity that is repetition 

in the pair of pixels. 

 Contrast: Contrast evaluates local gray level variation. This statistic measures the 

spatial frequency of an image and is a difference moment of GLCM 

 Inverse Difference Moment: This statistic is also called as homogeneity. It 

considers the homogeneity of the image by comparing different grey tone pair 

elements. 

  Entropy: This is a measure of the complexity of image. A non uniform textural 

image that has many small valued GLCM elements will have high entropy. 

The predicament with conventional texture-based methods is they require more 

processing time, which is due to the computational complexity in the texture 

classification stage. A thorough scan of the input image is required by the Texture-based 

filtering to detect and localize text regions [27]. This leads to the running of a convolution 

operation, which is a very expensive operator. A number of solutions have been proposed 

for this. However an effective method is to classify the pixel on regular intervals and then 

perform interpolation to obtain the missing pixels. However, this is also not a very 
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effective method. 

2.4 Performance Analysis 

In order to calculate the robustness and performances of the proposed algorithms two 

methods are defined. 

The Precision rate is the ratio of words that have been correctly detected to the sum of 

correctly detected words plus false positives. False positives words are those area of the 

image that were not text but were detected as text region by the algorithm implemented.  

                                
                              

                                             
                      (3)                                 

The Recall rate is defined as the ratio of words correctly detected to the sum of correctly 

detected words plus false negatives. False Negatives are the regions of the mage that have 

text but the algorithm used is unable to identify them. 

 

                                 
                              

                                             
                          (4)                                 
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This chapter presents a survey of the previous work done in the field of text extraction. A 

detailed study of various methods and algorithms has been done to formulate this work. A 

variety of work has been done on the artificial text present in the images. Here however 

we are studying the scene text images and approaches that have been used to successfully 

detect, localize and extract these texts from the images of book covers or book stacks. In 

this chapter we have presented the literature of the Text extraction model explained in the 

Chapter-2.  

3.1 Preprocessing Techniques 

Many clustering strategies have been used for the purpose of text retrieval, such as the 

hard clustering scheme and the fuzzy clustering scheme, each of which has its own 

special characteristic. As a result of which this type of clustering gives crisp results. Some 

of the work done in the progress of these techniques is explained below. 

Fuzzy c-means (FCM) algorithm [15] is used in the preprocessing because it has stout 

features for uncertainty and is able to store much more information as compared to other 

hard segmentation methods. The algorithm uses an iterative clustering approach that part 

ions the by minimizing the weighted within group sum of squared error group functions. 

k-mean clustering [16]  is similar to the expectation-maximization algorithm implemented 

for the  mixtures of Gaussians where they both challenge to locate the centers of natural 

clusters in the data. In this algorithm to cluster n objects, k partitions are formed based on 

some attributes, where k < n.  It considers that the object attributes form a vector space.  

Histogram-based clustering technique [17] drastically reduces the number of colors. 

Compared with other clustering techniques, e.g., the Euclidean minimum-spanning-tree 

(EMST) or fuzzy c-means (FCM), histogram-based clustering has the advantage that no 

critical threshold has to be defined. For the EMST [15] technique, for example, a distance 

has to be defined to eradicate edges in the EMST. Furthermore; the histogram-based 

clustering technique is an unsupervised method that needs no a priori acquaintance about 

the number of expected clusters as is often necessary for FCM clustering techniques. 

Moreover, histogram-based clustering is a fast technique with reasonable storage 

requirements. 
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3.2 Connected Component Based Methods 

Ohya et al. [28] proposed a method that was subdivided in following satges: (a) 

thresholding for binarization, (ii) using the grey level of the image to identify the 

differences (iii) Character identification to compare the results with the already presented 

values. and (iv)Operations to perform relaxation. in addition, there are few restrictions to 

this approach related to the text alignment as well as the color of the text. Experimental 

results showed a recall rate of text localization on 100 images of 85.4% while the 

character were correctly recognizes at a rate of 66.5%  

Sobertte et al. [29] compared two CC-based methods with respect to their processing 

time, precision rate recall rate. Dataset for this experimental setup was images of books 

covers and journals. He gave a text segmentation method that used a start region, pixels 

were merged if they belong to the region else were discarded, this let to formation of 

homogenous regions. These regions were surrounded by rectangular boxes known as the 

bounding boxes. This approach is bottom up analysis later explained in Chapter-3. 

Method was applied on variety of images including, images of book cover and journals. 

Results of the approach are shown in Figure 3.1. 

Zhong et al. [30] implemented an algorithm that utilized a CC-based method that 

incorporated color reduction. The peaks of the color histograms were quantized to 

achieve the reduction. This was based on the fact the quantization will regroup the text 

containing regions and a significant portion if the image will be covered. Filtering of the 

text regions was then performed by passing the reduced image through various filters of 

area, alignment etc. The inputs for this algorithm were images of CD covers and Book 

covers. 
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Figure 3.1: Result of text localization 

Kim et al. [31] segmented an RGB image using color clustering. All the Non-text 

components including long horizontal lines and image boundaries were eliminated. an 

iterative projection profile analysis was then implemented to extract horizontal text lines 

and text segments. In the post-processing stage, different heuristics were used to combine 

these regions.  

Shim et al. [32] proposed to consider the homogeneity of pixel intensity for the text 

regions of the images. Similar grey level pixels were merged to form groups. Once these 

groups were formed they were identified as backgrounds and thus removed. The grey 

level contrast was then used to perform region boundary analysis that sharpened the text 

regions. The applicant regions were then subjected to authentication using features such 

as size, area, fill factor, and contrast.  

Kim et al. [33] proposed an approach to filter the non-text regions for the hetrosegment 

characters to alleviate the difficulty level of the heuristics that are defined to filter the 

non-text regions. Ohya et al. [28] also gave a similar approach. Geometrical properties 

such as alignment, area, size etc are used along with the clustering. These cluster-

templates are developed by implementing the clustering technique defined as the k-mean 

from the actual images. 

Jain and Yu [35] applied a model that included following stages. In the first stage, 

preprocessing, which includes bit dropping a 24-bit image was bit dropped to 6-bit 
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image., in the second stage of color clustering, image was quantized After the 

decomposition of the image in multiple foregrounds ,same localization technique is 

implied on each foreground image.                             

 Figure 3.2 shows an example where decomposition of the multi-valued image. CCs are 

generated in corresponding for all the foreground images using a block adjacency graph. 

An output image is formed by merging the localized text components in the individual 

foreground. Horizontal and vertical text is efficiently extracted using this algorithm 

however such is not observed in case of skewed text.  

3.3 Edge Based Methods 

Messelodi and Modena [36] gave a method that has three stages: (i) extracting the 

elementary objects, (ii) filtering and (iii) selecting the text line. In the preprocessing stage 

noise reduction, deblurring, contrast enhancement, quantization, etc., are performed 

 

 

 

 

                 (a) Color input image                          (b) Nine element images                           

Figure 3.2: A multi-colours image and its element images 

 After the preprocessing, pixel intensity was normalization and then the image 

binarization was performed, and CC generation were performed. The decision regarding 

the selection of filters is based on the value of thresholds and the applications. The 

approach of text line selection is initiated by a single region and then it is expanded until 

the criterion for termination is satisfied. The criterion uses features using such as 

closeness, alignment, and comparable height. The algorithm was applied on various 

images of book covers having different colors, sizes and orientations. In addition, this can 

also be applied to images that have variable skewness. The method achieved a 

localization rate of 91.2% when experiments were performed on a dataset of 100 images. 
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Smith and Kanade [37] worked on an edge-based method that to identify the vertical 

edges in the image. To serve the purpose they applied a 3×3 horizontal differential filter 

to an input image and perform thresholding .After a smoothing operation that eliminated 

small edges, adjacent edges were connected and a bounding box were computed. Then 

the non text regions were filtered by applying heuristics. In the final stage, the histogram 

value of the cluster is analysed to obtain the similar clusters.   

Chen et al. [38] implemented canny edge operator that identified the high contrast 

regions of the image. In order to reduce the computational complexity a single edge point 

was used in one window for the estimation and orientation. The information obtained is 

then used to enhance the image MOs were performed on the image to connect the edges 

into clusters. Two types of Gabor asymmetric filters were implemented to generate a 

general estimation: an edge-form filter and a stripe-form filter. The obtained information 

about the edge is then enhanced using a suitable scale. This resulted in the blurring of the 

area that had no specific scale. Image enhancement was then obtained using the 

localization techniques.  

Xiaoqing Liu [39] used a method that is sub divided in three steps: Text region 

identification, localization and text extraction. In the first step the strength of edges is 

measured using the magnitude of the second derivative of intensity. The average edge 

strength is used to calculate the density of the edge. Considering effectiveness and 

efficiency, four orientations (               ) are used to evaluate the variance of 

orientations, where    denotes horizontal direction, 90°, denotes vertical direction, and 

   and      are the two diagonal directions. In the second step, text localization is 

performed implying clustering techniques. In the third step, already proposed existing 

OCR engine where used, that were only efficient with printed documents having plane 

background and are unable to give promising results in case of text embedded in the 

image or in case of complex backgrounds.. 
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                    a) Original image                           b) Result after extraction 

Figure 3.3: Edge detection results [39] 

3.4 Texture Based Methods 

Zhong et al. [40] gave a method that property of variance in an image to locater the text 

regions of the image. He considered a horizontal window of size 1×21 that calculated the 

spatial variance of the pixels. Canny edge detector was then applied to identify the 

horizontal edges. From resulting image, edges that have opposite directions are paired 

into the lower and upper boundaries of a text line. However, the method was only able to 

identify the components with significant variations. The method was able to achieve a 

promising processing time of 6.6 second with a 256×256 image on a SPARC station 20. 

Kim et al. [41] proposed a method that could detect texts using texture properties. A 

support vector machine (SVM) was implemented to study the properties of textural basis 

of the image. The method used the raw pixels of the image that confided with the textural 

pattern rather than adding new external texture feature extraction model. This worked fine 

even for the high dimensional spaces. Next step of the method was to implement, 

continuously adaptive mean shift algorithm (CAMSHIFT) that could locate the text 

regions by using the analysis of the texture properties. The amalgamation of CAMSHIFT 

and SVMs produced very resourceful results as text detection was significant. The 

performance of the system was based on the criterion that the SVM was able to classify 

the tet and non text regions and not on the final text detection. The author used a set of 

100 images that were divided in two sets. One set had 70 images that were used for 

training and the other 30 were used to validate the results obtained.  

Shiva kumara et.al [42] proposed a new method that was based on Maximum Color 

Difference (MCD) and Boundary Growing Method (BGM). The method was 
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implemented to obtain text from handwritten scene text. To sharpen the edges of the 

original frame and to increase the contrast of text pixels, calculation was of mean value of 

the RGB channel was performed. To raise the gap between the text and the non text 

region of the image Maximum Color Difference was computed. k-means clustering 

algorithm was used to cluster the text .These clusters were used to obtain the text 

candidates and also help in eliminating false positives. The boundary of the text region 

was setup using the nearest neighbour approach implanted by Boundary Growing Method 

(BGM). To eliminate the false positive edges the researchers used the concept of intrinsic 

and extrinsic edges. 

The unique approach of Shyama et.al [43] projected a text segmentation technique to 

extract text from any image or video captured with a camera. To link consecutive pixels 

in the same direction Colour based segmentation was used which exploited the general 

text properties. Light Edge Enhancement (LEE) was used to locate the regions having 

consecutive pixel and to enhance the underlying edges. Next, the motion blur was 

removed with the help of heavy edge enhancement (HEE) from camera image sequences.  

Pan et.al [44] implemented a hybrid method that implanted a text region detector. This 

detector could generate a text confidence map. Text components are segmented using a 

local binarization approach which uses text confidence map. A Conditional Random Field 

(CRF) model was used to label components as text or non-text which was solved by 

minimum classification error (MCE) learning and graph cuts inference algorithm. An 

iterative learning based method is worked upon by building neighbouring components 

into minimum spanning tree (MST) and cutting off interline edge with an energy 

minimization model to group the text components into text lines. 

3.5 Morphological Method 

Jui-Chen Wu [45] presented a morphology-based text line extraction algorithm for 

extracting text regions from cluttered images. A novel set of MOs was implementing for 

extracting important contrast regions as possible text line candidates. The skewness of the 

text lines was detected using a moment based method. Depending upon the orientation, an 

x-projection technique is implemented to obtain the geometries that are analogous to 

segments for verification. However, fragmentation of the text region in to different 

segments is performed due to noise. Therefore, after applying projection, to obtain a 

complete text line a recovery algorithm is required. Hence a new recovery algorithm was 
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proposed. Subsequently, after the recovery verification is required. For this purpose a 

verification scheme was proposed that was able to perform verification of the text 

geometries obtained. The performance analysis of the method was performed by taking in 

consideration a set of 100 images. After testing this method, these images have various 

appearance changes like contrast changes, complex backgrounds, lightings, different 

fonts, and sizes. 

Luz et.al [46] introduced a method for localizing text regions within scene images by 

defining a set of probable text regions which were extracted from the input image using 

morphological filters. Connected Components (CC) were identified using ultimate 

attribute openings and closings. The subset was selected by combining the CCs, the non-

text regions were distinguished by the decision tree classifier. 

                                                                    

                     

 

                                    Figure 3.4: Result of text line detection [45] 
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4.1 Text Information Extraction Model     

 This dissertation defined a generalized text information extraction model that 

included various stages in the Chapter-2. In this Chapter we introduce the modified text 

extraction model that specifically coincides with the algorithm we are proposing for the 

text extraction. Figure 4.1 shows the model defining all its stages. Raw image are the 

input to this model and after passing through various stages finally text is obtained from 

the image. 

           

Figure 4.1: Text information extraction model 

4.2 Preprocessing technique 

The images typically have a size of about 1200 × 1600 pixels and include thousands of 

colors due to digitalization. To reduce the amount of small variations in color, color 

clustering is applied in a preprocessing step. Histogram-based clustering technique 

significantly reduces the number of colors. Compared with other clustering techniques, 

e.g., the Euclidean minimum-spanning-tree (EMST) or fuzzy c-means (FCM), histogram-

based clustering has the advantage that no critical threshold has to be defined, moreover it 

requires no prior knowledge of the expected number of clusters. Hence it is a fast 

technique with reasonable storage requirements. 
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In the present approach we have used histogram-based clustering technique, this type of 

clustering is based on spatial and feature space clustering [15], and this technique 

significantly reduces the number of colors. It has the advantage that no critical threshold 

has to be defined; moreover it requires no prior knowledge of the expected number of 

clusters. [17] It is a fast technique with reasonable storage requirements.  

4.2.1 Clustering  

Consider an image IMxN defined by Equation-5 

                                                                                                         (5) 

Where IR(x,y) ,IG(x,y),IB(x,y) are intensity of pixel (x,y) in the red, green and blue plane 

respectively. 

                 

a) Image                                           b)        of image       

Figure 4.2: Example of probability mass function 

 Probability mass function (    ) of the individual planes of the image is obtained, using 

Equation-7. Figure 4.2 shows the image and it’s PMF. Now each      cell value is 

compared to its neighbouring cell; the cell is pointed the value that is maximum (    ), 

refer Equation-8 in the neighbourhood, in this way a local maximum is calculated for all 

the cell values of the histogram. For any RGB image applying this technique reduces the 

color variation significantly. Figure 4.3 shows the clustered histogram. 

                                                                                                          (6)                                           

Where k is no. of different types of gray scale values, for an 8 bit image k=256. 
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                                                                                                   (7)                                                                    

                                                                                                                                     (8)                            

Where   is histogram array, j= {(                     }, 

              

Individual RGB plane clustering will lead to three clustered histograms RH. 

                                                                                                                                (9) 

Figure 4.4 to 4.6 shows an example of non clustered and clustered histograms for the 

three planes for a RGB image. The next task is to identify the best plane for extraction of 

text from its background. 

                                     

a)Histogram                                 b)Chain of pointers            c) Clustered histogram 

Figure 4.3: Example of histogram clustering 

 

Figure 4.4: Histogram clustering: R-plane 
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Figure 4.5: Histogram clustering: G-plane 

  

Figure 4.6: Histogram clustering: B-plane                      

   4.2.2 Best Plane Identification  

Any text in an image can be separated only if the background and the text are 

differentiable; i.e., the diachronic interpretation of background with respect to text. 

Amongst IR,IG,IB, maximum variant plane will serve the purpose. To calculate this 

variation, an intra plane deviation of the distribution of pixels of each plane in the 

clustered histogram (refer Equation- 9) is calculated. This deviation (    ) can be found 

with the help of Equation-10. Equation-11, calculates the maximum variant plane. This 

can be better understood from the example given in the Figure-4.7.The clustered 

histogram of each plane is divided in three equal regions and using Equation 10 & 11 

optimum plane is identified, from the figure 4.7 B-plane has the maximum variation 

hence is the best plane. 
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a) Clusterd Histogram R-plane 

 

b) Clusterd Histogram G-plane 

 

 

c)  Clusterd Histogram B-plane 

Figure 4.7: Example: Best plane identification 

 

                               

 

 
       

   

 
 

 

      

   

 
 

 

      
 
   

 

                                (10) 

                                      
 

       ,                                                                       (11)                                                                              



 

 

34 

 

4.3 Text segmentation 

To identify the text region of the image, segmentation is the next step. Segmentation is a 

difficult process as it has to consider different aspects of any ST image. ST image would 

contain information, such as a title, headings, names of authors, editors or publisher, 

content information, etc; together with these it will have various colors, fonts, sizes, 

orientations, spacing’s and styles. [47] Moreover, ST images can also contain non-text 

information such as logos, graphic elements, drawings, images, etc. Further difficulties 

for segmentation arise due to textured or multicoloured background or even background 

images. 

We use Connected Component (CC) based approach for segmentation. Any CC-based 

method [29] has four fundamental processing stages: (i) pre-processing, (ii) generation of 

C, (iii) removal of non-text areas, and (iv) grouping of text regions. 

The binarization of the selected plane (β, refer Equation 4) is performed by selecting a 

threshold   to binary image using Equation-12 

                                                   
            

                                          (12)                                                                                     

where    the probabilities of the two classes separated by a threshold    ,   
     are the 

variances of these classes. 

This is also called as Otsu’s method of thresholding [48]. A region growing method is 

then applied; image is scanned, beginning with a start region, the start region, pixels are 

merged if they belong to the same cluster in color space and homogeneous regions are 

formed. Depending upon the number of connected similar pixels, the image is divided in 

different regions, each region containing similar value pixels. Rectangular boxes are then 

formed around the homogeneous regions; we call them bounding box and are represented 

by BBi,                                             .These boxes differentiate the 

data to be extracted from the image. Figure 4.8 shows image with BB’s. 
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Figure 4.8: Image with Bounding Boxes 

After the pre-processing step in the CC- Based method, next task is to generate connected 

regions. there are several methods to accomplish this task, here we have described two 

methods a) Bottom-up analysis b) Top-down analysis in details, both these technique 

have some pros and cons .A comparison of the two methods is also included at the end of 

the  description 

4.3.1 Bottom up Analysis 

The bottom-up analysis is used to detect homogeneous regions of a image using a region-

growing method. The method commences by choosing a start region, pixels are fused to 

one cluster if it belongs to an identical color space. In this method arbitrary shape are 

obtained for machine printed text as these texts do not touch each other. 

 Procedure: Bottom up analysis uses region growing, technique generally used in image 

processing. As the start region three horizontally or vertically adjacent pixels are selected 

which belong to the same cluster and which are not yet assigned to a region. Initializing 

with the start region, shown in Figure 4.9 pixels within a 3×3 neighbourhood are 

iteratively amalgamated if they belong to the same group [29]. The process terminates 

when all pixels are merged into one of the regions, or no further start region can be found. 

The regions resulting from this procedure are represented by their bounding boxes. For 

each region the color is stored as possible text color 
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Figure 4.9: Start regions for region growing process [29] 

 

4.3.2 Top Down Analysis 

In the top-down segmentation procedure, the image is split alternately in horizontal and 

vertical directions. Regions obtained under this procedure are always of rectangular 

shape, and regions containing text include at least two colors. This knowledge is used to 

reject homogeneous regions as non-text elements during segmentation. Since the 

characters of machine printed text generally do not touch each other, several regions of 

rectangular shape result for a line of text, or even word. 

Procedure: The image is processed in an iterative manner. A region is split along rows or 

columns in each iteration step. Commencing with the whole image as the start region, 

each row (column) is tested to see whether it contains one or more different colors of a 

region. A row (column) in which all pixels has the same color is rejected as non-text, i.e., 

the considered region is split along this row (column). The direction of splitting alternates 

in each iteration. For potential text regions, splitting terminates if at least n≥ 2 Different 

colors arise for all rows and columns of the region. This top-down procedure, also called 

the X-Y-tree decomposition [7], is a popular segmentation algorithm in document 

analysis. 

4.4 Noise Removal 

After segmentation of plane β,     encloses all the connected components of the image. 

However, they may contain some non-text information such as logos, graphic elements, 

drawings, images, etc embedded into the text regions. Hence there is a need to suppress 

these no-text regions while maintaining text intact. Morphological operators can be used 

to achieve these results. 
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Table 3: Comparison of Top down And Bottom Up analysis [29] 

 

 

 

 

 

 

 

 

 

MOs help removing imperfections by accounting for the form and structure of the image 

[49]. We use Opening (refer Equation-14) and Closing (refer Equation-13) operations in 

the present manuscript.  

Closing operation 

                                                                                           (13)       

Opening operation 

      ৹                                                                                              (14) 

where       , is a structuring element, m and n are odd integers greater than zero. 

Any SE which is rotationally independent can be chosen. We use the SE given in Figure 

4.10 as this reduces the noise irrespective of its orientation. 

 

 

 

Criteria                                     Top-Down Analysis Bottom-Up Analysis 

Small-sized text Accurately segmented Difficult to segment 

Over segmentation Not possible  Possible 

under segmentation Possible Not possible 

Inclusions of characters Not possible Possible  

Images, graphics elements Not split Split into sub regions 
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 1 1   1 

1 0 1 

1 1 1 

Figure 4.10: Example of structuring element 

On applying these MOs, majority the non-text regions of the image are removed. 

4.5 Text extraction and identification 

The image obtained from the previous step contains most of       around the text region 

of the image. Next we rearrange the       ‘s according to the text style; for example, an 

English document will have the style of writing words from left-to-right.  

Figure 4.10 shows the arrangement of      .A Matrix K is generated (refer Equation-15), 

that stores the entire bottom left coordinates of all the       '. Matrix K consists of two 

columns, m is the x coordinate; n is the y-coordinate of these bounding boxes. For the 

first iteration K is sorted in increasing order .In the second iteration sorting is done with 

respect to x coordinate. Sorting is performed based on the Equation -16. 

                                
 

    

    

    

  
    

 
                                                                                 (15) 

 



 

 

39 

 

     

Figure 4.11: Image with Bounding Boxes 

 

                                           
 

 
   

   
                                                               (16) 

where    denotes average number of comparisons, n is size of array. k              

The algorithm extracts almost all of the alphabets of the image, however to structure the 

words accurately, appropriate spaces need to be added after end of every word, this 

decision is taken by a threshold value, Equation-17 gives the condition for threshold, if 

the extracted consecutive     are separated by a value greater than the threshold, a space 

is inserted and vice versa. This threshold has been modelled experimentally by executing 

the algorithm on a variety of images. 

                                    
                                                         (17) 
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Figure 4.12: Example: Text Identification 

Figure 4.12 shows an example of the text identification process.  All the characters of the 

images are marked by the bounding boxes. Matrix K is generated by identifying the left 

bottom coordinate of each BB.   

 

Figure 4.13: Example: Text Extraction 
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This chapter of the dissertation presents the experimental results. A detailed analysis of 

the results is also done in this chapter. 

5.1 Dataset and Experimental Results 

We have implemented our algorithm on the dataset that consists of book cover and book 

stack images. A diversified dataset has been considered which includes images with 

different types of background, font sizes, colors, orientations etc. 

The proposed algorithm is implemented using Matlab R2010a programming. The 

execution time for an image is within 120 seconds depending upon the size of the image 

and also on the number of closed boundaries the image contains. 

The proposed algorithm gives promising results for images of book covers with single 

color background as shown in Figure 5.1; algorithm is able to locate all the characters 

with 100 % efficiency. Images with logos are shown in Figures 5.2, this algorithm give 

significantly better results. Logos which have only graphics are rejected however where 

there are alphabets bounding boxes are created. 

 ICDAR 2011: dataset was used in text locating competitions of International Conference 

on Document Analysis and Recognition (ICDAR) 2011. This dataset is the most widely 

used benchmark for scene text detection. It contains 251 test images, including household 

objects, road signs, shop signs, bill-boards and posters, and book covers. The resolutions 

are from 307×93 to 1280×960. Four example images from this dataset are shown in 

Figure 5.1. The ground truths are bounded by green boxes. This dataset is freely 

downloadable at http://algoval.essex.ac.uk/icdar/Datasets.html. 
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(c) 

        

 

(d) 

Figure 5.1: Results on single background images 
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Figure 5.2 : Results on images with logos 
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(k) 

 

(l) 

Figure 5.3 : Results for multi colored images 
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Figure 5.4 : Results on book stack images 
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(a) 

 

(b) 

Figure 5.5 : ICDAR 2011 Dataset results 

5.2 Performance Analysis 

Table-1 lists the actual values as well as the experimental results. Correctly deduced 

characters along with the errors in the form of false positive and false negative regions are 

presented. The data incorporated in the table has been obtained by executing the 

algorithm on images of multicolored images, images of book stacks and images 

containing logos. With the help of Equation (15) and (16) we calculated the recall rate 

and the precision rate of every test image considered. The average of these results was 

than calculated to compute the performance of the algorithm proposed.  
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Table-2 lists the error in the finally obtained results. This table shows the results of the 

text extraction and enhancement stage. The algorithm is able to extract the characters and 

then forming correct words by providing correct spaces. The current method gives a 

precision rate of around 83.7% and a recall rate of 87.4% of in case of complex images. 

Characters are identified as text regions at a rate of 98%, while the text region in the book 

stack images are rejected at rate of 45%. 

 

Table 4: Results of text localization 

Image Total  char.  Correctly detected char. False positive False negative 

  5.1 (a) 117 117 4 0 

  5.1 (b) 60 60 1 10 

  5.1 (c) 70 65 1 6 

  5.1 (d) 50 50 0 0 

  5.3 (a) 100 90 10 0 

  5.3 (b) 50 44 7 10 

  5.3 (c) 70 65 3 20 

  5.3 (d) 100 98 2 3 

  5.3 (e) 45 45 6 0 

  5.3 (f) 50 50 1 0 
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Table 5: Results of Text Recognition 

Image Total words Correctly 

recognized words 

Error (%) 

5.1  (a) 17 17 
0 

5.1  (b) 11 8 20 

5.1  (c) 7 7 0 

5.1  (d) 12 8 33 

5.3  (a) 17 17 0 

5.3  (b) 20 16 20 

5.3  (c) 16 16 0 

5.3 (d) 20 17 15 

5.3 (e) 13 13 0 

5.3 (f) 10 7 30 
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Texts in images contain valuable information that can be used for indexing applications 

and content based information extraction. There are mainly two types of text present in 

images. Artificial text present as captions etc in videos or digital born images is 

comparatively easier to retrieve than the scene text present in the naturally captured 

images using cameras, as scene text images vary in color, orientation, and size. Varieties 

of image extraction models and techniques have been given by various researchers. A 

detailed study of these techniques has been done during the course of research and work 

has been done to enhance the performance of some of the previously defined techniques.  

This dissertation proposes a novel algorithm that can automatically retrieve text from 

images of books. Algorithm works for any image i.e., book covers, book stacks etc of size 

ranging from 500 ×700 to 1200 × 1200. Histogram based technique used in pre-

processing step significantly reduced the color variations. Color quantization of 

15×15×15 lead to about 10-12 clusters in case of a RGB image. It was also observed that 

the number of clusters not only depend on the content of the image but also on the color 

quantization. Most of the techniques that extract text do not consider the grayscale 

images, rather they convert the images to binary, and however this algorithm works to 

find out the best grayscale among the three planes in a RGB image. An optimized plane is 

identified using the intra plane variation. Preferring this plane makes the segmentation 

task much easier as the plane that has maximum variation in text and background is 

selected.  

The algorithm implemented a connected component based method that merged similar 

regions together and these homogeneous regions were marked by bounding boxes. The 

segmentation technique gave effectual results by locating almost all the characters of the 

image on a case of book cover images. However for images having multicolored 

background error percentage was higher. The unwanted regions of the image i.e. the non-

text regions for example logos etc, were removed significantly using the MO’s. 

 The performance of the proposed algorithm was analyzed using two commonly defined 

parameters. The algorithm gives a precision rate of 83.7% and a recall rate of 87.4%. 

Character recognition rate is about 98% however the corrected recognition of words is 

about 80%. The 20% error in recognizing the correct spaces is due to various regions that 

require to be worked upon. 
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  With the proposed method promising results were obtained on our data set however 

there is scope of improvement in case of the book stack images. It is observed that in a 

book stack image variation in the font size, color and background is significant. Hence; in 

the future our focus will be to bring innovation by considering these drastic changes and 

focusing on techniques that can efficiently retrieve the information. The other area to 

improve is the selection process of the optimized plane. In the current stage the algorithm 

is evaluated only on English datasets, in further work datasets of other languages will 

considered.  
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