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Abstract—The objective of this study is to propose a new 

method for text region localization and character 

extraction in natural scene images with complex 

background. In this paper, a hybrid methodology is 

suggested which extracts multilingual text from natural 

scene image with cluttered backgrounds. The proposed 

approach involves four steps. First, potential text regions 

in an image are extracted based on edge features using 

Contourlet transform. In the second step, potential text 

regions are tested for text content or non-text using 

GLCM features and SVM classifier. In the third step, 

detection of multiple lines in localized text regions is 

done and line segmentation is performed using horizontal 

profiles. In the last step, each character of the segmented 

line is extracted using vertical profiles. The 

experimentation has been done using images drawn from 

own dataset and ICDAR dataset. The performance is 

measured in terms of the precision and recall. The results 

demonstrate the effectiveness of the proposed method, 

which can be used as an efficient method for text 

recognition in natural scene images. 

 

Index Terms—Natural scene images, Text localization, 

Contourlet transform, SVM classifier, GLCM, horizontal 

profile, vertical profile. 

 

I.  INTRODUCTION 

Of late, digital cameras have become very popular, 

efficient and powerful image acquisition tools, which are 

commonly attached with various handheld devices like 

mobile phones, tablets, pens, wrist watches, head 

mounted devices, PDAs and so on. Fabricators of these 

devices are now considering such devices for embedding 

numerous useful technologies. Potential technologies 

may include recognition of texts in natural scene images, 

text-to-speech conversion and so on. Extraction and 

recognition of texts in natural scene images are suitable 

for persons with visual impairment and foreigners with 

language impediment. Furthermore, the ability to 

automatically detect text from scene images has potential 

applications in image retrieval, robotics, computer vision 

and intelligent transport systems. However, developing a 

robust system for extraction and recognition of texts from 

captured scenes is a great challenge due to several factors 

which include variations of style, color, spacing, 

distribution, layout, light, background complexity, 

presence of multilingual scripts and fonts. Text appearing 

in images can provide very useful semantic evidence to 

describe the image content. In general, text existing in 

images can be categorized into scene text and caption 

text. A scene text is a part of an image, whereas a caption 

text is laid over the image in a later stage. Caption text is 

often used for successful indexing and retrieval of images 

or videos. The Fig.1 shows these two types of text 

present in the images. 

 

   
(a)                                        (b) 

Fig.1. Sample Digital Images Containing (a) Scene text (b)Caption text 

In this paper, a hybrid methodology is proposed for 

text region localization and character extraction in natural 

scene images with complex backgrounds. The proposed 

hybrid approach involves four steps.  First, potential text 

regions in an image are extracted based on edge features 

using Contourlet transform. In the second step, potential 

text regions are tested for text content or non-text using 

GLCM features and SVM classifier. In the third step, 

detection of multiple lines in localized text regions is 

done and line segmentation is performed using horizontal 

profiles. In the last step, each character of the segmented 

line is extracted using vertical profiles. 

Due to growing requirement for extraction of text from 

images, much research work has been done on text 

extraction in images. Several techniques have been 

proposed for extracting the text from an image. The 

existing methods are based on morphological operators, 

wavelet transform, artificial neural network, 

skeletonization operation, edge detection algorithm, 

mailto:dsli@bjut.edu.cn


 Text Localization and Character Extraction in Natural Scene Images using Contourlet Transform and  37 

SVM Classifier 

Copyright © 2016 MECS                                                        I.J. Image, Graphics and Signal Processing, 2016, 5, 36-42 

histogram technique and so on. All these methods have 

their benefits and limitations. 

 

II.  RELATED WORK 

Text extraction in an image encompasses four phases, 

namely, (i) Detection, (ii) Localization (iii) Extraction 

and (iv) Recognition (OCR). Text detection and text 

localization are closely related and more exciting phases 

which had fascinated the devotion of many researchers. 

The main objective of the two phases is to spot all text 

objects in a natural scene image and to provide a unique 

identity to each text. Due to the variety of font size, style, 

orientation, and alignment as well as the complexity of 

the background, designing a robust general algorithm, 

which can effectively detect and extract text from natural 

scene images, is a challenging task. Various methods 

have been proposed in the past for detection and 

localization of text in images and videos. These 

approaches take into consideration different properties 

related to text in an image such as color, intensity, 

region, connected components, texture, edges, etc. 

These properties are used to discriminate text regions 

from non-text regions within the image. In this section, 

the recent works focused on text detection, localization, 

line segmentation and character extraction are reviewed. 

The various methods proposed in these works can be 

categorized as region based, morphology based and 

texture based methods. 

Among region based methods [29], a method for 

detecting video text regions containing player 

information and score in sports videos is proposed in [1], 

in which key frames were extracted based on color 

histogram in order to minimize the number of video 

frames. A unified method to extract a text region from 

heterogeneous images by using contourlet transform is 

proposed in [2]. A new scheme for character detection 

and segmentation from natural scene images is proposed 

in [3], in which stroke edge and graph cut algorithm is 

employed to detect text regions and geometrical features 

are used to filter out non-text regions. A method based on 

histogram thresholding, entropy filtering and connected 

components is used to extract Bengali text and Bengali 

characters from multimedia images is proposed in [16]. A 

method for character extraction and recognition from 

images is proposed in [4], in which edge density is 

calculated for four orientations (0
0
, 45

0
, 90

0
, 135

0
) to 

detect potential text regions and clustering is used to 

localize text regions. A combined approach based on 

color and edge features for extracting text from video is 

proposed in [5], in which color-edge approach is used to 

remove text background and vertical and horizontal 

projection is employed to locate text in image. The 

comparative study of edge-based and connected-

components based approaches in terms of accuracy, 

precision and recall rates is given in [14], in which each 

approach is analyzed to determine its success and 

limitations. 

A morphology based text line extraction algorithm for 

extracting text regions from cluttered images is proposed 

in [6], in which an algorithm is adopted for recovering a 

complete text line from its pieces of segments and 

verification scheme is then employed for verifying all 

extracted potential text lines according to their text 

geometries. A mathematical morphology and connected 

components based algorithm to extract text from images 

is proposed in [7], in which the text is extracted based on 

the thresholding of variance of the each connected 

component. Extraction of Devanagari and Bangla texts 

from camera captured scene images is investigated in 

[21]. In [30], a unified framework that combines 

morphological operations and genetic algorithms (GA) 

for extracting and analyzing the text data region in an 

image is designed.  

Texture based methods are numerous. A texture 

descriptor, based on line-segment features for text 

detection in images and video sequences, for car license 

plate localization system is proposed in [8], wherein 

color and edge features are used for text/non-text 

discrimination to exploit accurate perceptual information. 

A texture based method for detecting texts in images is 

proposed in [9], in which SVM and a continuously 

adaptive mean shift algorithm (CAMSHIFT) is adopted 

to analyze the textural properties of text for localization. 

In [10], an approach to locate text in different 

backgrounds is proposed, which is based on Haar wavelet 

transform. In [11], the procedure for text extraction in 

color images using 2D Haar wavelet transform (2D-DWT) 

is suggested for text extraction in vehicle plate and the 

document images. A new methodology based on GLCM 

features is proposed in [12] for text region extraction and 

non-text region removal from complex background 

coloured images. An approach based on Haar wavelet is 

proposed in [13] to detect the text regions from the 

complex images, which is robust to different scripts in 

single or multi-line text image. An algorithm for Tamil 

text extraction from images is considered in [15] using 

dual tree complex wavelet transform. In [17], a heuristic 

approach is developed for detecting potential text regions 

in colour image, which are further classified as text using 

text features such as frequency, orientation and spatial 

cohesion. In [18], an efficient algorithm is designed for 

Kannada text localization in images with complex 

backgrounds using a colour reduction technique. An 

approach based on Haar wavelet and k-means clustering 

is developed in [19] for extracting a text from an image 

with cluttered background. A methodology for text 

extraction from low resolution natural scene images is 

attempted in [20] using DCT. A novel hybrid method for 

multilingual text detection in natural scene images with 

complex backgrounds is developed based on Haar 

wavelet and fuzzy classification in [22] and SVM 

classifier in [27].  A caption text detection technique is 

presented in [23], which combines Haar wavelet and 

geometric based features. A hybrid method based on 

fusion of Daubechies DWT, radiant difference and SVM 

is designed for text extraction in [24]. A rule based 

method for text localization using connected components 

filtering is explored in [25].  Text detection and character 
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extraction in natural scene images has been investigated 

in [26] using histogram based textural features.  

 

III.  PROPOSED METHODLOGY 

The proposed methodology consists of four phases: 

preprocessing, potential text region detection, feature 

extraction, classification, followed by character 

extraction. The four phases of proposed methodology are 

described below. 

Preprocessing 

After the conversion of the input color image into 

grayscale image, the median filter is applied to remove 

any noises present in the grayscale image and to obtain 

sharp edges in the image.  

Potential text region detection 

Contourlet transform is applied on the pre-processed 

image to obtain the edge map containing strong edges. 

The morphological operations are applied on the 

transformed image, which yield segmented image. The 

connected components in the segmented image are 

filtered based on thresholding the geometric properties of 

the connected components. The filtered connected 

components are the potential text regions detected in the 

image, which will be classified as text or non-text regions 

using the trained SVM classifier in the classification 

phase. 

Feature extraction 

Gray level co-occurrence matrix (GLCM) has proved 

to be a popular statistical method of extracting textural 

feature from images. It is a 2D histogram of pair wise 

neighboring pixels with local textural uniformity in an 

image. It is denoted by C(i, j) and represents joint 

probability of occurrence of pixels with intensities i and j. 

It is computed using a displacement vector with radius δ 

and orientation θ. The values δ=1 and θ=0, 45, 90 and 

135 degrees are chosen in the present work. From the co-

occurrence matrix, Haralick defined fourteen textural 

features to extract the characteristics of texture statistics 

of images. The four important features, namely, Contrast, 

Homogeneity, Energy and Entropy, of potential text 

regions are extracted, which are then used to classify the 

regions into text and non-text classes. 

 

Contrast: It evaluates local gray level variation in an 

image and measures the spatial frequency. 

 

           ∑∑                           (1) 

 

Homogeneity/Inverse Difference Moment: It measures 

local uniformity in the image. It is high when local gray 

level is uniform. 

 

   ∑∑
      

           
                           (2) 

 

Energy: It is also referred as uniformity or angular 

second moment (ASM) and describes image smoothness. 

It is high when image has very good homogeneity. 

 

   ∑∑                                      (3) 

 

Entropy: It measures the disorder or complexity of an 

image. The entropy is high when the image has complex 

textures with high degree of non-uniformity. 

 

   ∑∑                                       (4) 

 

Classification 

The support vector machine (SVM) is trained using 

GLCM textural features and statistical features of text 

regions in training images, and is then used to classify the 

potential text regions extracted from natural scene test 

image as a text or non-text. 

Character extraction 

Text localized image will be then further processed in 

order to extract the characters from the image. Horizontal 

projection is used to detect multiple lines in the localized 

text image and then each line is segmented. Further, each 

line segment is subjected to vertical projection to 

segment the characters. The horizontal projection H(i) 

and the vertical projection V(j) of a binary image are 

given by: 

 

     ∑          
                             (5) 

 

     ∑          
                              (6) 

 

The proposed methodology for text localization and 

character extraction is depicted in the block diagrams 

shown in the Fig.2 and Fig.3. 

 

 
(a) 

 
(b) 

Fig.2. Block Diagram of the Text Localization Module of the Proposed 

Method. (a) Training Phase, (b) Testing Phase
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Fig.3. Block Diagram of the Character Extraction  Module of the 
Proposed Method. 

The training and testing phases of the proposed 

methodology are described below. 

Training phase: 

In training phase, the input color image is converted to 

grayscale image and then median filter is applied. The 

edge map of the filtered image is obtained using the 

Sobel edge operator. The GLCM features F1 to F4 and 

statistical features, namely, standard deviation and mean 

absolute deviation, are computed from edge map and 

stored in knowledge base. This procedure is repeated for 

all natural scene images in training set to obtain complete 

knowledge base, which is used for training SVM 

classifier. 

Testing phase: 

In the testing phase, the input color image is 

transformed to grayscale image and then subjected to 

median filter. The edge map of the filtered image is 

obtained by using the Contourlet transform [28]. The 

dominant edges pertaining to the text in the image are 

retained by thresholding technique, in which thresholds 

based on mean and standard deviation of the edge map 

are used. Further, the resulting binary image is 

considered for morphological processing. The two 

structuring elements, namely, disks of radius 3 and 6 

(empirically chosen), are employed that yield two 

separate images containing potential text regions. These 

two images are combined using logical OR operation to 

obtain connected components relating to potential text 

regions in the image. The portion of the input image 

corresponding to connected components is cropped and 

the texture features are extracted from the cropped 

regions. The SVM classifier is used to classify each 

potential region as text or non-text. The text region may 

contain singe line or multiple lines (Fig.4). The 

horizontal projection is used to extract each line 

separately. The segmented line is subjected to vertical 

projection to extract characters (Fig.5). 

 

 

 

    

Fig.4. Sample Result of the Proposed Method Showing Input Image and 

Corresponding Text Localized Output Image. 

 
(a) 

 

 

 

 

(b) 

 

           

        
   

           

(c) 

Fig.5. (a) Text Localized Input Image (b) Lines Segmented Image (c) 

Characters Segmented Image 

 

IV.  EXPERIMENTAL RESULTS AND DISCUSSIONS 

The proposed method is implemented in MATLAB 

R2009b and tested on Intel Core i5 processor @ 2.5 GHz 

4GB RAM machine. The experimental data set contains 

344 natural scene images (including ICDAR data set), 

out of which 244 are used as training images and 100 as 

testing images. The SVM classifier is trained using the 

training set which contains 122 text images and 122 non-

text images. These images are color (RGB) images in 

JPEG format, which contain multilingual texts of 

different complexity and complex background. The 

scripts of the text in the training images are Kannada 

Hindi and English, whereas text in test images are in 

different  languages, namely, Urdu, Tamil, Bengali, 

English, Hindi, Kannada, Telugu, Japanese, Chinese and, 

Malayalam. The result of the proposed algorithm is 

shown in the Fig.4 and Fig.5. The performance of the 

proposed algorithm has been evaluated in terms of 

precision, recall, F-measure and accuracy, which are 

defined below. 

True Positives (TP) are the text regions that are 

identified as text in an image. 

False Positives (FP) are non-text regions, but identified 

as text in an image.
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True Negatives (TN) are non-text regions that are 

identified as non-text. 

False Negatives (FN) are the text regions, but 

identified as non-text. 

 

          
  

     
                             (7) 

 

              
  

     
                             (8) 

 

          
                  

                      
               (9) 

 

         
     

           
                     (10) 

 

The proposed method has yielded the precision and 

recall rates of 98.85% and 90.85%, respectively. The F-

measure is obtained as 0.95, which is close to 1. The 

accuracy of the proposed method is 89.90%. The 

experimental results demonstrate the effectiveness of the 

proposed method, which are better than the results 

obtained by the methods in [22] [27]. The improvement 

in the performance can be attributed to the Contourlet 

transform employed for obtaining edge map which has 

preserved the dominant edges of text in the image, and 

thus leading to more accurate localization of text regions 

as compared to wavelet transform based method [27]. 

This performance comparison of the methods is 

illustrated in the Fig.6. The SVM is trained with only 

three scripts, namely, Hindi, English and Kannada. The 

proposed method is robust to extract text regions of 

different scripts in natural scene images. The extracted 

text regions containing multiple lines of text of different 

scripts are segmented successfully. The character 

extraction from each segmented line is done, which is 

illustrated in the Fig.5. The performance comparison of 

the proposed method with the other methods in literature 

is given in the Table 1. 

Table 1. The Performance Comparison of the Proposed Method with the other Methods 

Methods &Year Techniques Used 

Precision (P) % 

Recall (R)% 
F-measure (F) 

Accuracy (A)% 

Benefits 

1. Proposed method 

Contourlet Transform 
GLCM, statistical features, 

geometric properties, Mathematical 

Morphology, SVM classifier 

P=98.85 

R=90.85 

F=94.68 
 

A= 89.90 

Multilingual, Robust to 
style, font  and  complex 

backgrounds 

Robust edge features 

2. Seeri, et al. [22] 

Wavelet Transform, 

Statistical features, 

fuzzy classification, 
K-Means clustering 

P=95.54 

R=89.14 

F=0.92 
 

Multilingual, Robust to 
style, font and complex 

backgrounds 

3. Seeri, et al. [27] 

Haar wavelet transform, GLCM, 
statistical features, geometric 

properties, Mathematical 

Morphology, SVM classifier 

P=97.14 

R=89.81 

F=0.94 
 

A= 88.99 

Multilingual, Robust to 

style, font and complex 
backgrounds 

4. Leon, etal. [23] 
Wavelet Transform, Hierarchical 

image model 

P=91.0 

R=79.55 
F=0.85 

 

A=85.78 

Insensitive to 

Different size, 
color, complex 

background for caption 

text 

5. Sumathi, et al. [12] 
Gamma correction, GLCM and 

Thresholding concepts 

P=78.0 
R=91.0 

F=0.84 

Robust to size, style, font 
and complex background 

for English text 

6. Pavithra, et al. [24] 
Wavelet Transform, Gabor filter, K-

Means clustering 

P=98.0 
R=80.20 

F=0.88 

Multilingual text detection, 

Robust to horizontal texts. 

 

V.  CONCLUSION 

The occurrences of text in a natural scene image pose a 

difficult challenging task in digital image processing due 

to complex background and illumination variations. The 

text may be multilingual with variations in font style, 

font size, scale, lighting and orientation. The proposed 

method is based on Contourlet transform which preserves 

the dominant edges of text in the image, and thus leads to 

more accurate localization of text regions. The localized 

text regions containing multiple lines of text of different 

scripts are segmented and then the character extraction 

from each segmented line is done successfully. The 

proposed method has yielded the F-measure and accuracy 

of 94.68% and 89.90%, respectively, and is robust to 

variations in script, font style, font size, scale, lighting 

and orientation of text in an image. The recognition of 

segmented characters of a script will be considered in our 

future work. 
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Input Image 

 

Text localized Image 

(Wavelt transform) [27] 

 

Text localized Image 

(Contourlet transform) 

 

Fig.6. Performance Comparison of the Proposed Method Based on 
Contourlet Transform and the Method in [27] 
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