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Text Extraction and Recognition in Natural
Scene Images using Contourlet Transform and
PNN

Shivananda V. Seeri, P. S. Hiremath, J. D. Pujari, Prakashgoud Patil

Abstract: Of late, the rapid development in the technology and
multimedia capability in digital cameras and mobile devices has
led to ever increasing number of images or multi-media data to
the digital world. Particularly, in natural scene images, the text
content provides explicit information to understand the semantics
of images. Therefore, a system developed for extracting and
recognizing texts accurately from natural scene images, in
real-time, has significant relevance to numerous applications
such as, assistive technology for people with vision impairment,
tourist with language barrier, vehicle number plate detection,
street signs, advertisement bill boards, robotics, etc. The
extraction of the texts from natural scene images is a formidable
task due to large variations in character fonts, styles, sizes, text
orientations, presence of complex backgrounds and varying light
conditions. The main focus of this research paper is to propose a
novel hybrid approach for automatic detection, localization,
extraction and recognition of text in natural scene images with
cluttered background. Firstly, image regions with text are detected
using edge features (GLCM) extracted from Contourlet
transformed image and SVM (Support Vector Machine) classifier.
Secondly, horizontal projection is applied on text regions for
segmenting lines and vertical projection is applied on each text
line for segmenting characters. The proposed method for text
extraction has produced the precision, recall, F-Score and
accuracy of 98.50%, 90.85.62%, 95.00%, and 89.90%,
respectively. And, these results prove that the proposed method is
efficient. Further, the so extracted characters are processed for
recognition using contourlet transform and Probabilistic Neural
Network (PNN) classifier. The computed features are moment
invariants. Only the English script is considered for the
experimentation. The proposed character recognition method has
accuracy of 79.07%, which is higher in comparison to accuracy
of 75.15% obtained by KNN (K-Nearest Neighbors) classifier
Character
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I. INTRODUCTION

Huge quantities of textual data are present in the natural scene
images and required to be automatically processed for text
recognition in order to understand scene content. The
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challenge is due to text data that occur in an image with large
variations in color, size, font style, orientation, complex
background and variation in light condition. Humans have the
peculiar ability of detecting presence of texts with varying
scripts of different unknown languages, even when they are
trained in only one or two languages. Hence, automation of
text detection and recognition requires building suitable
machine intelligence that imitates human ability for such
tasks. Text localization, that is detection of region in a scene
image that potentially contains texts, is the primary step in this
processing of scene images captured by digital camera, which
are embedded in various handheld devices, such as
smartphones, tablet, PDA(Personal Digital Assistant), pens,
wrist watches, head mounted devices, etc.

The text in an image can be a scene text or a caption text.
The text present as a part of an image is the scene text,
whereas text which is added artificially to the image is the
caption text. The Fig. 1 illustrates the occurrence of scene text
and caption text in the images.

(b)
Fig. 1: Image with text and as (a) Scene text
(b) Caption text
In this paper, the purpose is to develop a novel approach for

text-localization,  character-extraction and character-
recognition for the text present in the scene image with
heterogeneous cluttered background. It is done in five stages.
In the first stage, an edge preserving transform, namely, the
Contourlet transform is employed for the extraction of
potential text regions in an image. In the second stage, the
potential text regions are classified, using GLCM features and
SVM classifier, as text and non-text. In the third stage,
horizontal profiles are used for the line segmentation. In the
fourth stage, character segmentation is done using vertical
profiles. In the final stage, MI features and PNN classifier is
used for recognizing characters (English) extracted in the
previous stage. Although, the proposed novel approach deals
with multilingual script, the character recognition stage is
designed and experimented for English script only. Thus, the
main purpose of this paper is to propose an algorithm that can
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be deployable in the wearable devices with limited
computational power and memory for assisting visually
challenged persons (text to speech conversion) and foreign
tourists (language translation).

11. BACKGROUND LITERATURE

In this is section, various methods adopted for extraction
and recognition of text present the scene images, proposed by
various authors are analyzed and categorized. The methods
proposed in the literature were used different techniques such
as wavelet transform, edge techniques, morphological based
algorithms, artificial neural network, and so on. And, hence
these methods are classified based on region properties,
morphology properties and texture properties.

The techniques based on region properties adopt a
bottom-up process, in which smaller sections are grouped into
bigger regions successively until all sections are captured
from the image. A geometrical approach is adopted to merge
text sections based on their spatial organization for filtering
non-text components and then demarcate the text areas.
Different region properties are employed for the extraction of
text objects, based on the information that differentiates
textual patterns from the background. Edges and connected
components are the significant elements used in this
approach. Isack Bulugu, et al. [1] presented a methodology
for license plate detection and localization in a video of
vehicle tracking, in which high contrast variation is used for
detecting the plate region and the visual quality of the plate
region in the video frame is enhanced by using noise removal
and smoothing methods. Jonghyun Park, et al. [2] developed
method for mobile system applications to detect text regions
in signboard image in which text detection utilizing edge
information and region segmentation utilizing fuzzy c-means
is adopted. Zongyi Liu, et al. [3] designed a technique for
detecting text present in scene images, in which intensity
filter, shape filter, and component-based framework are
employed.

Mathematical morphology is an image analysis technique
based on topological and geometrical methodology. It enables
extraction of geometrical structures and representative shapes
suitable for different applications. It is useful for the
extracting significant text features in the preprocessed scene
images. These features are invariant with respect to
geometrical image transformations, namely, translation,
rotation, and scaling, and also invariant to illumination
conditions. Brij Mohan Singh, et al, [4] proposed technique
based on morphological operations and were used for
extracting multi oriented and multi script text-lines. Marcin
Pazio, et al. [5] presented a technique based on color image
segmentation, feature based segment filtration and
hierarchical segment clusterization for text detection system.
Sourav Roy, et al. [6] designed a technique comprising edge
detection, morphological operation, and mid-filtering noise
removal method and contrast enhancement using histogram
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equalization, to localize number plate of vehicles, and
identified each number separately. T. Pratheeba, et al. [7]
proposed morphological based algorithm, wherein, a
morphological closing image and opening image are
subtracted to yield a binary map. Then dilation operation is
carried out to obtain candidate regions.

Texture based techniques rely on textural properties of
image objects. The texture features of a text region, which are
different from its background, are employed for the text
extraction. These methods involve Gabor filter, Wavelet,
FFT, spatial variance, and also machine learning algorithms
such as SVM, KNN, PNN, MLP and adaBoost. These
techniques follow top down process. First texture features are
extracted from potential text regions and then these features
are used for text recognition. Alvaro Gonzalez, et al. [8]
designed an algorithm to recognize individual characters in a
natural scene image utilizing a gradient direction histogram
features and KNN classifier. Ankita Sikdar, et al. [9] designed
a procedure for extracting Bengali text present in still images.
In the first step, entropy thresholding is adopted for localizing
potential text components. In the second step, Bengali text
features such as matra, strokes and curves are used to locate
Bengali text. P. S. Hiremath, et al. [10] designed a texture
feature extraction algorithm for texture classification based
on wavelet decomposition. P. S. Hiremath, et al. [11]
described a method for classifying image texture using local
directional binary patterns (LDBP) in contourlet transformed
image, in which PCA (Principal Component Analysis) is used
for reduction of feature space dimensionality and LDA is used
for enhancing class discriminality. Finally, classification is
done using the k-NN classifier. Shreepad S. Sawant, et al. [12]
used PNN classifier for image classification and explained its
advantages.

I11. PROPOSED METHODOLOGY

The proposed method for extraction and recognition of
text present in natural scene images comprises of three
phases: text region segmentation, character extraction from
text regions and character recognition. While the first two
phases are concerned with multilingual text, the third phase
concerning the character recognition is with reference to
English script. Often, the natural scene images may have text
regions with cluttered backgrounds. The Figs. 2, 3 and 4 show
the block diagrams of the three phases of the proposed
approach, namely, text localization, character segmentation
and character recognition, respectively, which are explained
below.
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Fig. 2: Text localization
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Fig. 4: Character recognition

A. Text Localization

In this phase, the input is a natural scene image and the
output is an image with localized text.

Preprocessing: In this step, the grayscale conversion
followed by median filter is carried out on input color image
to obtain filtered image.

Segmentation: In this step, the median filtered image is
subjected to contourlet transform process to obtain an image
with rich edge features. Then, binary segmented image is
obtained by applying the morphological operations on
transformed image. Each segment in the binary image
corresponds to the potential text part of the input image.
Feature extraction: For segmented potential text regions
present in an input image, the gray level co-occurrence matrix
(GLCM) is constructed. Then, the four Haralick textural
features [14], such as, Contrast (F1), Homogeneity (F2),
Energy (F3) and Entropy (F4), of these segmented potential
text regions are computed from GLCM. These features are
used for training SVM classifier to classify the potential text
regions as text or non-text.

Text region detection: In the training phase, a dataset of
images containing only text regions and those containing only
non-text regions, which are cropped from natural scene
images, is prepared. The Sobel operator is applied to locate
strong edges in the training image. The features F1-F4,
standard deviation and mean absolute deviation are calculated
for both text and non-text images of training data set. With
these values, feature vectors are constructed which are then
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normalized and stored as knowledge base. Then SVM trained
using this knowledge base with the Gaussian Radial Basis
Function (RBF) Kernel. In the Fig. 2, the contourlet transform
is applied on preprocessed image to yield the edge map [12].
The statistical features (mean and standard deviation) based
thresholding technique is applied on edge map to retain the
prominent edges of text content. The resultant image is then
subjected to morphological operations (disk of radius=3 and
6), yielding two distinct images having potential text regions.
Next, the logical OR operation applied on these two images
yields binary image which is used for cropping potential text
regions from which texture features are extracted. These
features are used for classifying these regions as text or
non-text by employing trained SVM classifier. The text
region may occur with single line or multiple lines of text as
shown in the Fig. 5.

B. Character Segmentation

The localized text regions (section A) may contain text of
different scripts laid in multiple lines, which need to be
segmented for character extraction. Firstly, the image with
localized text is further processed for the purpose of detection
of multiple lines of text in the image by using horizontal
projection. Then, vertical projection is performed on each line
segment to segment the characters as shown in the Fig. 6. The
horizontal and vertical projections, H(i) and V(j),
respectively, of a binary nxm image B(i,j) are given by
Equations (1) and (2).
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Fig. 5: Sample result: (a) input image and (b) output image with localized
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Fig. 6: Sample results: (a) the text localized image of Fig. 5 as input, (b) the corresponding
segmented lines and (c) segmented characters.

PNN classifier is employed for character recognition, with
m—1

reference to English script, in the extracted text. For each
H(1) = Z B(i,j) (1) class in the training samples, the probability density function
i=o0 (PDF) is computed using the Equation (3) in the PNN
algorithm.
n—1
V() = > BGD 2 1 -
= pdf(x) = —w|[—] (3)

C. Character Recognition
The third phase of proposed methodology involves —Where, Xisinput, x.is the kth sample, w is the weight function
character recognition of segmented characters (section B)  and O is the smoothing factor.
with reference to English script (Digits and Letters of both The smoothing factor is used to control the classification
upper and lower cases) only. The segmented text character,as  effectiveness of the PNN and depends on the input. In the
obtained in the section B, is the input for this phase. The  proposed architecture, PNN with 62 neurons (62 classes) are
proposed approach encompasses: (i) Apply contourlet used in the pattern layer. Similarly, PDF of the n samples in a
transform to the input character segmented image, (ii) Extract  given population is computed by the Equation (4).
the seven MI features of characters from transformed image,
(iii) Use PNN classifier for character recognition.

PNN classifier
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(4)

x_xk]
e}

pdf() = — > w]
i=1

The Fig. 7 shows PNN architecture [15] with its four
layers: input, pattern, summation and decision layers.

Xn-1

Input Layer

Pattern Layer

Summation Layer

Decision Layer

o/p

Fig. 7: General architecture of PNN [15]

The PNN, being a feed-forward neural network, works as a
Bayesian classifier. It makes use of the Parzen PDF
estimation [13] [16] for computing the PDF value for each
class of samples, present in training samples.

Each class corresponds to an English character. Hence, the
characters of English script form 62 classes comprising 52
upper case letters, lower case letters and 10 digits. The n;, i=1,
2, ..., 62, represents the total count of sample images of in
class. The PDF function g; of i class is:

g: (x)= max {e_ I-J:—-J-'eklgfcrg} (5)
1=i=62 1=k=n;
Outputlf.‘{a.ss = 1%2%2(95) [6)

Outputcyass is the i class for which the maximum is attained
in Equation (6) and hence is the predicted character as an
output of the PNN classifier. The n; is the number of sample
images in i" class, while k is the index, k=1 to n;.

In the 4-layer PNN architecture for character recognition
phase, the input layer has 7 neurons (7 MIs), which accepts
seven components of feature vector as input data. Pattern
layer has 62 neurons (62 classes), in which PDF is computed
for each class. The Gaussian and Radial Basis Functions
(RBF) are used for activation functions in pattern layer nodes
with smoothing factor SD (c) =0.02.

Summation layer has 62 neurons (62 classes), in which
summation of PDF of samples for each class is computed.
Output layer has 1 neuron (Recognized character), in which
classification decision is done as given in the Equation (6).

Each character extracted from the localized text region is
submitted to PNN classifier for the character recognition. The
PNN classification, training as well as testing phases, for
English character recognition is given below.
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Training phase

In this phase, contourlet transform is applied on the
segmented character image to yield edge image. Then, Mls
(M1, M2... M7) are computed from the resultant image and
stored as a knowledge base (KBase). The training image set
contains the images of all the 62 characters (upper and lower
case letters and digits). Then, this KBase is employed to train
the PNN.

Testing phase

Here in, after preprocessing input image, the contourlet
transform is applied to obtain the edge image. The MIs
M1,...,M7 are calculated from the resultant edge image. For
each class i, where i=1,2,...,62, the gi(x) for x=(M1,...,M7),
is calculated. The class label i of the predicted character
corresponds to the maxima of g;(x). This process is done for
each of the test samples.

IV. RESULTS AND DISCUSSIONS

The proposed algorithm is implemented using MATLAB
R2013b. The images are in JPEG format and in RGB color
space.

A. Text Localization and Character Segmentation

For experimentation, a data set of 324 natural scene images
is considered, which includes images taken from own data set
and also ICDAR (International Conference on Document
Analysis and Recognition) data set. Out of which, the training
set contains 224 images, having 112 text images and 112
non-text images, which are used to train SVM classifier. The
testing set contains 100 images. The text contents in these
images are multilingual with varying font style, size, scale,
orientation, lighting conditions, complex background, and
also shadowing of text. The training images with textual
content have English, Kannada and Hindi scripts only and
thus SVM s trained with texts of these three scripts only.
However, the testing set comprises the images with textual
contents having different scripts, namely, Hindi, Kannada,
English, Bengali, Marathi, Telugu, Urdu, Punjabi, Oriya,
Malayalam, Tamil, Russian, Japanese and Chinese.

The performance metrics, namely, precision, recall,
F-Score and accuracy [17] are used for analyzing proposed
algorithm and results obtained are shown below.

Precision 98.85%
Recall 90.85%
F-Score 95.00%
Accuracy 89.90%

Table-1: Comparison of proposed method with other
methods in the literature

Precision F-Score
Method %) Recall (%) %)
Proposed 98.85 90.85 95.00
method
SV Seeri et al.,
2015.[18] 97.14 89.81 94.00
SV Seeri et al.,
2015. [17] 77.60 88.62 83.00
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Shraddha Naik

etal., 2015. [19] | 2600 84.00 85.00
Sumathi, et al.,

2014. [20] 78.00 91.00 84.00
M.S. Pavithra, et

al., 2014. [21] 7110 91.00 77.00
Niti Syal et al.,

2014. [22] 95.71 92.69 94.00
Too Kipyego

Boaz et al., 93.00 96.00 94.00
2016. [23]

Xiaopei Liu et

al., 2014, [24] 63.20 67.8 65.00

The text contains digits as well as alphabets of the scripts
considered. The performance comparison of proposed
approach with other techniques in the literature is presented in
the Table I, which demonstrates effectiveness of the proposed
approach. The Fig. 8 shows the sample results of the proposed
approach with that of the wavelet based approach in [18].

For the proposed method, the precision, recall, F-Score and
accuracy are 98.85%, 90.85%, 95.00%, and 89.90%,
respectively. The results show that the proposed technique is
efficient for localization of text, which are superior to that in
[17,18]. Italso outperforms other methods given in the Table
I, which are experimented with ICDAR dataset and own
dataset, and the accuracies are as given in the literature.

The superior performance of the proposed technique is due
to the Contourlet transform, which is edge-preserving that

leads to accurate localization of text regions as compared to
methods in [17, 18] based on the wavelet transform. For
example, in the last row of the Fig. 8, non-text regions
localized as text by the wavelet based in [18] are correctly
recognized as non-text by the proposed contourlet transform
based technique. Further, it is witnessed that the robustness of
the method is established by the fact that, although SVM is
trained with only three scripts (Hindi, English, Kannada), it is
able to accurately localize text having different scripts.

The extracted text regions having multi-line text are
segmented effectively. The character extraction for each
segmented line is done, as shown in the Fig. 9.

In the case of tilted text lines contained in the localized text
regions, the proposed method fails to extract characters.

However, there are methods of document image analysis
for skew detection and correction, which can be applied to
obtain images with horizontal text lines. Then, the proposed
method for character extraction becomes applicable. The Fig.
9 shows the sample line segmented images and the
corresponding character segmentation.

Text localized Image
using wavelet based
method [18]

Text localizedlmage

Input Image using proposed

[MOST)
[ADVERTISING
DOESN'T
WORK!

MOST \
ADVERTISING
DOESN'T
WORK!

contourlet based method

Text localized Image
using wavelet based
method [18]

g
gﬁ”ﬁ

Text localized Image
using proposed
contourlet based method

Input Image

Fig. 8: Sample results: Input images and corresponding output images with localized text for the wavelet based
method [18] and the proposed contourlet based method.

B. Character Recognition (English)

For experimentation, a data set [The Chars74K dataset +
Own dataset] of 4654 natural scene character images of digits
and letters (lower and upper cases) is considered. The training
set comprises of 2628 images to train PNN classifier and
testing set comprises of 2026 images. The Fig. 10 depicts the
sample images of English characters used for the
experimentation.

The proposed technique is tested on four sets: (i) digits
only, (ii) lower case letters only, (iii) upper case letters only
and (iv) mixed set of all characters. The comparison of
character recognition accuracy of the proposed approach
using KNN and PNN classifier is presented in the Table II.
The recognition accuracy of individual characters is presented
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Table-11: Comparison of recognition accuracy of the
proposed technique

Fig. 11 (a) Recognition accuracy for (a) Digits, (b) Lower case letters, (c) Upper case letters

Recognition accuracy (%
Characters PﬁIN Kl\)l/l\(l )
Numerals/Digits (0 to 9) 84.13 72.98
Letters (Lower case) 84.04 74.80
Letters (Upper case) 74.24 69.01
Mixed (digits, upper and 79.07 75.15
lower case letters)

For mixed set of characters, the recognition accuracy is
79.07% by PNN classifier and 75.15% by KNN. Also, the
classification experiments are repeated by considering
training sample images as test images and classification
accuracy is found to be 100%

V. CONCLUSION

The main objective of the proposed technique in this paper
is to develop a hybrid technique for the extraction of
multilingual text present in the natural scene images with
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cluttered background and recognize the so extracted text. The
proposed approach combines region, morphological and
texture based methods to build a hybrid approach for the
extraction and recognition of text regions present in scene
images. It involves three stages, namely, text localization
(detection), text extraction and text character recognition. The
text localization is based on Contourlet transform and SVM
classification using GLCM features. The English characters
are considered for developing the character recognition
algorithm. The proposed technique has yielded better text
localization than the methods in [17] and [18], and also other
methods in the literature. The Contourlet transform conserves
the prominent text edges in the image, which results in more
precise text region localization in scene images.

Further, the horizontal projection profile is adopted for
segmenting text lines and vertical projection profile is
adopted for character segmentation.
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A novel approach based on Contourlet transform, Moment
Invariants (MI) and PNN classification is developed for
character recognition with reference to English characters
(lowercase letters, uppercase letters and digits) and is tested
on characters with large variations in font size, style,

and also illumination conditions. The

experimentation is done with images containing multiscript
and multiline text. For character recognition, the PNN
classifier yielded better results than the KNN classifier. The
limitation of the proposed technique is that it is applicable for
images containing horizontal line text. The cases of skewed
text lines and curved text lines will be considered in the future

work.
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