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Abstract: To improve robustness in text detection in videos, an algorithm based on 

the combination of discrete wavelet transform and SVM classification network is 

proposed. The improvement is mainly in the applyments of the SVM classifiers. The 

algorithm firstly uses discrete wavelet transform to extract texture feature of video 

images in three different directions, including the horizontal, vertical and diagonal 

direction. Then the SVM classifiers are applied to develop a classification network which 

can sort the text blocks and non-text blocks, and the candidate text regions are 

obtained according to the classification results. Finally, the accurate text regions are 

detected by use of morphology processing methods. Experimental results show that 

the proposed method has higher precision rate and recall rate compared with other 

detection algorithms, and has better robustness when detecting text in different types. 
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1. Introduction 

 

Text information in the video is very critical in understanding and analyzing video 

content, achieving video search, and monitoring based on high-level semantics. Video 

text detection is the precondition for identifying these kinds of information, and has 

important research value and significance. The current detection methods are mainly 

divided into two categories: (1) Method based on feature extraction, including edge 

feature [1,2], connected domain feature [3,4] and textural feature [5,6]. Each of these 

features has advantages and disadvantages, but it is not ideal to rely on the text 

detection with single feature in the actual operation. (2) Comprehensive feature 
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extraction and machine learning method. Machine learning theory is widely used in the 

field of image processing, in which Neural Network [7], Support Vector Machine [8,9] 

and AdaBoost [10] are increasingly used in video text detection, and usually combined 

with feature extraction methods. This method can be used to generate the 

corresponding detection model by learning the training samples, which has relatively 

high robustness. 

In recent years, integrating discrete wavelet transform and SVM method is very 

popular. Sun et al. [11] composed three high-frequency sub bands LH, HL and HH in 

the discrete wavelet transform into high frequency energy quantum band HE, extract 

features and conduct SVM training, finally generate model to classify text texture block. 

Wu et al. [12] adopted a new detection method which used the edge features and 

wavelet transform to fix the location of the text areas, and then applied SVM to make 

accurate location. Liu et al. [13] combined wavelet transform with LBP operator to 

extract WTLBP feature vector and used SVM classifier to achieve effective identification 

of text and non-text areas in complex scenes.  Pan. [14] extracted digital statistical 

features and moment features of the three high frequency detail sub-graphs after 

image discrete wavelet decomposition, combining SVM and K-means, which are two 

kinds of different classification methods, for video artificial text detection and make 

performance comparison, and finally concluded that the combination of SVM algorithm 

is more effective. Because of different methods of feature extraction, the detection 

results are also different. But the SVM uses single classifier, resulting in the feature 

vectors with different attributes not distinguished, thus affecting classification accuracy 

in the later period. 

In order to make better use of SVM classification and improve the accuracy of video 

text detection in complex background, this paper makes an improvement on the use of 

SVM classifier, and proposes a video text detection algorithm based on discrete wavelet 

transform and SVM classification network. The results of discrete wavelet 

decomposition can reflect the texture information of the horizontal, vertical and 

diagonal directions of the text, use the obtained texture features to train the SVM 

classifier in different directions, combine into a classification network to achieve the 

classification of different texture blocks, judge text block and non-text block according 

to the weighted sum of the classification results, and finally get the text area after 

morphological processing. The experimental results show that the detection precision 

and recall ratio of the proposed algorithm is higher than traditional algorithm. The 

algorithm block diagram is shown in figure 1. 

 



Volume 3 Issue 3 2016 

269 

Input 

image

Wavelet 

transform

Texture image in horizontal direction

Texture image in vertical direction

Texture image in diagonal direction

SVMⅠ

SVMⅡ

SVM Ⅲ

Morphological 

p r o c e s s i n g
Text area

SVM classification network

 

 

Figure 1 The frame of the text detection algorithm based on Discrete wavelet transform 

and SVM classification network 

 

2. Feature Extraction of the Text Area Based on Discrete Wavelet 

Transform 

 

Discrete wavelet transform is a mathematical tool which has been widely used in the 

field of image processing in recent years. Compared with Fourier transform, discrete 

wavelet transform can well characterize the local characteristics of the signal in the 

time-frequency domain. In this paper, the author makes two-dimensional discrete 

wavelet transform of the video image, input the image through a group of low pass 

filter and high pass filter, and then generate the sub image according to different 

frequency bands and resolution ratio. The high frequency component after discrete 

wavelet decomposition can reflect the texture information in different directions in the 

video image including the text. According to the discussion on the selection of discrete 

wavelet primary function and decomposition level in Su [15], combining the fact that 

the text area and the background has a strong contrast characteristics and taking into 

account the sizes of the experimental video are from 320 * 240 to 352 * 480, the paper 

chooses simple and fast Haar discrete wavelet function to carry out a layer of wavelet 

decomposition and extracts text features from high frequency component images in 

different direction after decomposition. Texture features consist of mean value  , 

variance 2 and entropy e .  

Specific steps of using discrete wavelet transform to extract text texture 

characteristics are as follows: 

(1) The purpose of gray processing of video frame is to reduce the amount of 

computation in the frame image processing. The text area in video frame image is 

often in highlight in order to distinguish from the background area and achieve a 

certain visual effect. According to the sensitivity of the human eye to different colors, 

this paper uses weighted average method to realize the gray conversion of frame 

image. On the basis of priori theory and deduction, when 
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0.299 0.587 0.114gray R G BV                                       (1), 

 

the gray level image is the most reasonable. 

(2) Two-dimensional discrete wavelet transform for gray level images. 

Two-dimensional discrete wavelet transform is a generalization of one-dimensional 

discrete wavelet transform in two-dimensional space. Decomposed images in m× n are 

represented as m=1,...,M,n=1,...,N. Two-dimensional discrete wavelet transform in 

the scale can be decomposed into: 

 

           1 1 1 12 2 2 2
, , , , , , ,j j j j

H V DI m n w m n w m n w m n   
                                    (2) 

 

In which  12
,jI m n

is the low-frequency sub image, the approximation of the original 

image;      1 1 12 2 2
, , , , ,j j j

H V Dw m n w m n w m n  
are high frequency detail components of image in 

horizontal, vertical and diagonal direction, which can well describe the text areas in all 

directions of texture information, as shown in figure 2 (b) . 

 

（a） （b）
 

Figure 2 (a) the picture of a sample frame (b) the results of discrete wavelet transform 

 

(3) Feature extraction. Texture feature extraction is made after partitioning three 

high frequency component images, with the image block size of L*L. Mean value（  ）

and variance（ 2 ）have rotational invariance, so they are suitable for video text 

detection in different directions; Entropy（ e ）, as a measure of the confusion degree, 

can well distinguish the text area from the background area, so the paper chooses 

these three kinds of statistics as texture features. 
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3. Text Area Detection based on SVM 

 

Support Vector Machine (SVM) is a statistical learning method based on structural risk 

minimization principle. Its basic idea is to map the input vector to a high dimensional 

feature space which can be linearly separable by constructing certain nonlinear 

mapping, and make classification by constructing optimal linear interface to overcome 

the dimension limit and over learning problems of traditional machine learning. This 

nonlinear mapping is realized by the appropriate kernel function, using different kernel 

functions will lead to different support vector machine algorithm. When the 

classification tags and attributes belonging are nonlinear, radial primary function VC 

dimension is the minimum (i.e., minimum complexity) and confidence range is also 

relatively small. So this paper adopts the radial primary function, namely, 
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The kernel of the radial primary function is determined by the cross validation 

method. Different SVM classifier is used for the three feature images in different 

texture directions after discomposing wavelet decomposition, training the text area 

sample and background area sample of the corresponding images and then integrating 

SVM classification network after the SVM model is obtained. SVM classification network 

is used to classify text block and non-text block of image blocks of each decomposition 

sub-graph. 

 

3.1 SVM Classification Network Training 

 

SVM classifier training needs positive and negative subsets to constitute the sample set. 

In the experiment, through manual marking, 1000 positive samples (text) and 1000 

negative samples (background) in the size of 16 * 16 are selected to compose sample 

set. Representative samples in the positive and negative sample selection are as shown 

in figure 3. 
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（a）

（b）  

 

Figure 3 Some pictures of sample sets (a)The negative samples (b)The positive 

samples 

 

Before the execution of the training process, the sample set is divided into training 

sample set and the validation sample set in the same number, each consisting of 500 

positive samples and 500 negative samples. In the training process, the SVM classifier 

is trained by the method of cycle verification, which can improve the classification 

performance. Sample training uses LIBSVM software package [16]. Figure 3 (a) 

represents the training process structure of the SVM classification network, in which, H, 

V, D are text area sample in horizontal, vertical and diagonal direction after wavelet 

transform. B is the background area sample after wavelet transform. Φ(x) refers to the 

feature extraction function of the sample image on the mean value  , variance 2  and 

entropy e . Use classification function G(Z) represents classifier using SVM classification 

network to distinguish text area and background area: 
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m
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j
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                                           (7) 

 

In which, Z represents sample, 1jy   represents the label of input sample vector, 

j is Lagrange coefficient, and b is the constant of the classification surface 

equation.  HG Z ,  VG Z ,  DG Z are the classifiers in horizontal, vertical and diagonal 

direction. ωi
is the weight of the classifier in three directions. Because most of the text 

has more information in horizontal and vertical direction, and few features in diagonal 

direction, ω 0.35,0.35,0.3i
 
  is chosen as weight calculation function. The output of the 

generated classification network are the weight of the three classifiers and   ω ,i G Z
. 
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Figure 4 The structure chart of the SVM classification network (a)The training process 

(b)The classification process 

 
For each SVM classifier, cross validation method is used for sample training. Each 

training sample is divided into two parts, one part for initial training and the other part 

is used to verify. The whole training process has repeat iteration till the accuracy of the 

sample is bigger than a given threshold value Th. In order to ensure the detection 

performance, Th is set to 98%. 

 

3.2 Classification Process of SVM Classification Network 

 

Make frame image classification after generating SVM classification network. Figure 4 

(b) represents the assumption diagram of the classification process of SVM 

classification network. Specific steps: 

(1) Conduct a layer of discrete wavelet decomposition for the input gray level image 

of each piece, and segment the texture image into image blocks; 

(2) Calculate the mean value μ, variance σ2 and entropy е and structure 

characteristic matrix  iH
for the image block of the horizontal texture image H. 
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                                              (8) 

 

Use horizontal classifier  HG Z  to predict the classification result i

HG  of the image 

block. When it’s the text block, 1i

HG  , and when it’s the non-text block, 0i

HG  .
 

Calculate the classification results i

VG and i

DG of texture image V and D. Structure the 

final recognition function
iB by using the weight matrixωi . 
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The classification result
iB of all image blocks can be obtained through block by block 

processing. 

(3)  Input the final binary image
1

n

i

i

B


 , in which text blocks are marked as “1” and 

non-text blocks are marked as “0”. As shown in Figure 5 (b). 

 
3.3 Text Region Localization 

 

In order to avoid the improvement of the accuracy of text detection through false alarm, 

the morphological processing of some isolated points and empty areas should be made 

according to the text block feature. Firstly, de-noising the image and fill the void 

between the characters; remove some image blocks that do not conform to the text 

size or experience value; secondly, in order to avoid the influence of text block 

boundaries in the process of text line alignment, adopt 4 * 4 structure operator to make 

expansive working for the image; finally, map the extracted binary image representing 

text area to the original image, then the image containing only text areas can be 

obtained, as shown in figure 5 (c). 

 

（a）

（b）

（c）  

 

Figure 5 Some experimental result pictures (a)The gray images (b)The classification 

result pictures of the SVM classification network (c)The result pictures of text detection 
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4. Simulation Experiment and Result Analysis 

 

Video images tested are CCTV news, CNN news, sports video and appropriate video 

text images, with a total number of 300. Text type includes Chinese, English, and 

Arabia figures. Image resolution ratio is from 320*240 to 352*480. In order to test the 

effectiveness of the proposed algorithm, the proposed algorithm is compared with the 

algorithm in Pan [14]. And to verify the performance of the algorithm, the experimental 

results are analyzed from two angles of qualitative and quantitative analysis 

respectively. Qualitative analysis can directly show the effect of the proposed algorithm, 

and quantitative analysis can show the effectiveness of the algorithm in a more 

rigorous way from the mathematical point of view. 

 

4.1 Qualitative Analysis Experiment 

 

Figure 6 shows experimental comparison results chart of different types of test frame 

images in literature [14] algorithm and in the proposed algorithm. 

 

（a）The image with horizontal and perpendicular texts

(a1)Gray image (a2)Algorithm results in Pan[14] （a3）Algorithm results in the paper

（b） The image with English texts

(b1)Gray image

（c） The text image with complex background

(c2)Algorithm results in Pan[14] （c3）Algorithm results in the paper

(b2)Algorithm results in Pan[14] （b3）Algorithm results in the paper

(c1)Gray image

 

 

Figure 6 Some experimental result pictures for comparison 
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From the chart above, we can see that for different types of images, there are more 

false detected non text areas in the result graph generated by the algorithm in Pan [14], 

while the result graph of the proposed algorithm has a high degree of retention of the 

text area and a better detection effect of the text with complex background and various 

arrangement and the video image of English text. 

 

4.2 Quantitative Analysis Experiment 

 

For the validity of the quantitative detection algorithm, the experiment chooses 

precision ratio (P) and recall ratio (R) to evaluate the performance of the SVM 

classification network, defined as follows: 

 

100%
c

P
c f

 


                                            (10) 

 

100%
c

R
c d

 


                                           (11) 

 

In which, c represents the number of text areas detected correctly, f represents the 

number of non-text areas identified as text regions, namely, the number of false check, 

d represents the number of text areas identified as non-text area, and c+d refers to the 

total number of text area. The two algorithms are compared under the same 

experimental conditions. The experiment chooses the text detection and evaluation 

rules proposed by Chen et al. [17], which are widely used in the world. In statistics, 

only valid texts are counted, because the video image resolution is limited. Some texts 

are so small or so vague that it is difficult to identify by naked eyes, there is no meaning 

to extract such texts. So these texts are considered as invalid text. Table 1 shows the 

experimental results. 

 

Table 1 The results of performance comparison for different algorithms 

 

Different algorithm c /a f /a d /a P /% R /% 

Pan [14] 1507 252 245 85.67 86.02 

Proposed 1450 194 169 88.20 89.56 

 

The table above shows that the proposed algorithm has higher recall ratio and 

precision ratio. This is mainly because that the proposed algorithm has made 
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improvements in the use of SVM classifier, takes full advantage of all high-frequency 

detail sub-graphs after discrete wavelet transform in the classification process, 

comprehensively analyzes texture information in different directions, and trains to form 

a SVM classification network. While in Pan [14], though feature extraction method is 

innovative, the single use of SVM in the analysis of texture features makes the mixing 

degree of texture feature in each direction more obvious, thus the SVM model 

generated by training is not higher than the SVM classification network in classification 

accuracy, which affects the effect of text detection to some extent. 

 

5. Conclusion 

 

Due to the low resolution and more complex background of the video image, as well as 

the diversity of the text in style, size, color and direction, video text detection has 

always been a challenging research topic. The algorithm described in the paper is 

based on discrete wavelet transform to extract texture feature and manage SVM 

classifiers corresponding to different directions to develop a SVM classification network 

which can sort the text blocks and non-text blocks, and obtain the candidate text area 

according to the classification results. The experimental results show that the proposed 

algorithm is superior to other integrated wavelet transform and SVM algorithm in 

different video text detection performance. However, when the video frame images are 

partial fuzzy and with uneven brightness, the performance of the algorithm has to be 

further improved. Next, the author will do a follow-up study. 
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