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Abstract 
 

Background/Objectives: In this paper, we propose a hybrid scene-detection method using an edge and textural analysis in natural scene 

images, and finally, we detect the text regions by removing the non-text regions through a pattern analysis of each region. 

Methods/Statistical analysis: The proposed algorithm is divided into the pre-processing stage and the extraction processing stage to 

perform the text detection. The lost texts that are improved through a histogram equalization for the minimization of the loss of the text 

parts that is due to light exposure are detected before the edge detection. After that, the edge is detected using the Canny operator. The 

detected edge is obtained in the step of applying the SWT algorithm to detect the text candidate regions. The extraction processing step is 

the step of removing the noise region that is detected by the pixel analysis of the SWT algorithm, and it analyzes the pattern of the text 

regions and then removes the non-text regions to finally detect the text regions. For the quantitative comparison of the proposed algo-

rithm, our results are compared with the ground-truth image using the precision, recall, and F-measure. 

Findings: One of the existing text-detection algorithms, the edge-based method, is problematic, as, in addition to the text, the complex 

backgrounds and textures are detected as the edges in natural scene images. The connected component-based method is also problematic, 

as the non-text region is included in the text region in the process of finding the connection component. 

Improvements/Applications: The proposed method shows an effective text-detection result regardless of the light exposure in natural 

scene images compared with the conventional text-detection algorithm. 
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1. Introduction 

The texts of documents and images are important information for 

an image analysis, and a text algorithm is required for the text 

detection1. Accordingly, various text-recognition studies are being 

conducted. Document images can be divided into artificial text2 

and scene text3. In the case of artificial text, the texts that are em-

bedded randomly in multimedia such as films, news media, movie 

subtitles, and movie posters are located in a fixed position, or the 

variables are small due to the external factors. However, the scene 

text that is an image (traffic sign, signboard, etc.) that is captured 

by a mobile phone in daily life is detected by various external 

factors such as the text direction, size, style, and color position, 

making it difficult to detect. To solve this problem, numerous 

methods for the text detection regarding natural scene images have 

been recently proposed. 

The typical methods of text detection are the region-based method, 

the edge-based method, and the texture-based method. The region-

based method divides the input image using information such as 

the color and the texture, and then the input image is divided into 

the text regions and the non-text regions using the specific condi-

tions of each connection. The implementation of this method is 

simple, and it is an efficient and widely used method for noisy and 

low-resolution images. The edge-based method is generally a 

method of obtaining the edge of an object by using the brightness 

differences in the image, and it shows a result difference depend-

ing on the type of operator that is used. 

The texture-based method obtains the features by using a Gabor 

filter or a wavelet transform in order to take advantage of the tex-

tural property of a text region, and it is a method of detecting a 

text region by searching for a text pattern or a specific texture. For 

the proposed hybrid method of this paper, edge-based and texture-

based methods are used to find the text candidate regions, and also 

to remove the non-text regions through an analysis of the patterns 

in each region. The final result is the detection of the text regions. 

2. Text-detection method 

The text detection regarding images should take into account the 

background complexity, as well as the variety of font sizes, styles, 

orientations, and alignments; as a result, various text-detection 

approaches have been proposed. This type of approach is used to 

distinguish between the text and non-text areas using the various 

attributes that are associated with the texts in the image such as the 

color, intensity, area, connected components, textures, and edges. 

This chapter describes the edge-based, texture-based, and con-

nected component-based methods that are the typical types of the 

text-detection method. 

2.1. Edge-based method 
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Edge-based method4 is generally used to calculate the edge of an 

object through the difference of the brightness between the text or 

the surrounding pixels of the object in the image using the first-

derivative operation (Sobel, Prewitt, Robert)5or the second-

derivative operation (Laplacian, Canny). This method is suitable 

for finding the internal text symmetry, but it is also disadvanta-

geous, as it detects an erroneous region in a complex background 

or textural image. 

2.2. Texture-based method 

Texture-based method6is a method of detecting the pattern shape 

of a text or a specific texture for which the text and background 

are detected using the textural property, pattern, and texture of the 

image. Fourier transform or the wavelet transform is used to ex-

tract the text. Texture-based methods are not affected by the image 

resolution, noise, illumination changes, or tilt, but the texture-

classification calculation is complicated, and the disadvantage of 

the inaccuracy of the same-area text detection is problematic. 

2.3. Connected component-based method 

Connected component-based method7 is a method of grouping the 

text lines around a connected area of an image to create a bound-

ing box and to detect the text candidates. This method uses the 

text geometric information and is not affected by changes such as 

the text rotation, brightness, text color change, and resizing. This 

method uses a morphology technique to detect the text regions. 

However it is difficult to detect the text regions in a low-resolution 

or complex image. 

3. Preprocessing process 

A natural scene image is an image that is taken in daily life. To 

minimize the loss of the text parts that is due to light exposure, 

which is a problem in the text-extraction process regarding natural 

scene images, the lost texts are improved by a histogram equaliza-

tion that is performed prior to the edge detection. The width of the 

stroke inside the edge is obtained by applying the Stroke Width 

Transform (SWT) algorithm for the edge detection. After that, 

Detection of the text candidate regions is achieved by filling the 

inside of text-region candidate using the gradient value. [Figure 1] 

shows the preprocessing-process step. 

 

 

 
Fig. 1: Preprocessing-Step Process. 

 

3.1. Histogram equalization 

Texts are lost from natural scene images due to light exposure. To 

minimize this loss, histogram equalization8 is used as the prepro-

cessing in this study. Histogram equalization is an image-

enhancement task that produces a uniform distribution of the in-

tensity values of the image pixels. The formulae are as follows: 

 

∑[𝑖] = ∑ ℎ𝑖𝑠𝑡[𝑗]𝑖
𝑗=0                                                                       (1) 

 

n[i] = ∑[𝑖] ×
1

𝑁
× 𝐼𝑚𝑎𝑥                                                                (2) 

 

The histogram equalization is performed by obtaining the cumula-

tive-frequency values from 0 to i, as in Equation (1). The cumula-

tive value is normalized using Equation (2), where N is the total 

number of pixels in the image and the 𝐼𝑚𝑎𝑥 is 255. In this process, 

the pixel value i is transformed into the normalized value n [i] and 

the resultant image is generated. 
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Fig. 2: Results of Histogram Equalization. (A) Original Image, (B) Gray 
Image, (C) Edge-Map Result of (B), (D) Result of Histogram Equalization, 

and (E) Edge Map Result of (D). 

 

[Figure 2] is the result of the edge-map generation using the Can-

ny operator after the histogram equalization. The image in (b) is 

an image that has been subjected to a grayscale conversion for the 
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extraction of the edge map, (c) is an edge map that has been ob-

tained using the Canny operator, (d) is the result of the perfor-

mance of the histogram equalization for the minimization of the 

text loss that is due to light exposure, and (e) is the result of find-

ing the edge map through the application of the Canny operator 

after the histogram equalization. From the results of Fig. 2, it can 

be seen that, after the histogram equalization, the result of (e) 

shows a decrease of the loss of the text data that is greater than the 

result of (c). 

3.2. SWT (stroke width transform) 

The SWT algorithm9,10 is used to calculate the edge width using 

the texts based on the edge-based image, for which a line is drawn 

using the value of the gradient (a), and this is followed by the 

calculation of the internal filling algorithm. The SWT algorithm is 

used for an analysis of the pattern inside the text of the edge-map 

result. 

 
(A) (B) 

  

  

(C) 

 
Fig. 3: SWT Algorithm. (A) Gradient, (B) Searching in the Direction of 

the Gradient(C) Found Stroke Width. 

 

[Figure 3] is a method of constructing the SWT algorithm. Based 

on the edge map that is obtained by the Canny operator, the gradi-

ent direction of the edge pixel p is determined. Then, the width is 

calculated by finding q, and the inside is filled with a single image 

if the width is constant. Figure 4 shows the results of the applica-

tion of the SWT algorithm. As shown in the figure, the width of 

each edge of the edge map, which is derived using the Canny op-

erator and fills the inside, can be calculated. 
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Fig. 4: Results of the SWT Algorithm. (A) Original Image, (B) Edge Map, 

(C)Result of Applying (B) to the SWT Algorithm, (D) Histogram Equali-

zation of the Edge Map,And (E) Result of Applying (D) to the SWT Algo-
rithm. 

 

[Figure 4] shows the results of the application of the SWT algo-

rithm, where the application of the SWT algorithm after the histo-

gram equalization (d) resulted in a lesser text loss compared with 

(c). 

4. Proposed method 

For the extraction processing step, the noise region that is errone-

ously detected through the analysis of the pixels of the SWT result 

must first be removed. After that, the division of each area is per-

formed through a labeling procedure. Finally, an analysis of the 

patterns of the text areas such as the height, width, and pixel fre-

quency of each area is performed, followed by the detection of the 

text areas through the removal of the non-text areas.[Figure 5] 

shows the Extraction-processing step. 

 

 
Fig. 5: Extraction Processing Step. 

 

4.1. Noise removal of the SWT results 

Before the judging of the non-text and text regions, a binarization 

was performed to remove the noise from the SWT results. When 

the SWT was analyzed, the pixel value of the text area is low 

when the background is brighter than the text area, and a high 

pixel value is evident when it is a non-text area. After an analysis 

of the distribution of the values of the entire pixels of the image 

via [Figure 6], the 𝑃𝑣𝑎𝑙𝑢𝑒that is divided into the noise was found. 
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Fig. 6: Analysis of the SWT Histogram for A Binarization. 

 

𝑃(𝑥,𝑦) = {
𝑃(𝑥,𝑦),   𝑃(𝑥,𝑦) > 𝑃𝑣𝑎𝑙𝑢𝑒

0      𝑒𝑙𝑠𝑒
}                                                (3) 

 

Where 𝑃(𝑥,𝑦) is the pixel value of each location and𝑃𝑣𝑎𝑙𝑢𝑒 is the 

value with the largest decreasing width of all of the pixel values. 

[Figure 7] shows the results of the removal of the noise of the 

SWT algorithm. 

 
(A) (B) 

  
  

(C) 

 
Fig. 7: Results of the Removal of the Noise of the SWT Algorithm. (A) 

Original Image, (B) SWT Result, and (C) Noise-Removal Result. 

4.2. Labeling 

In order to analyze the characteristics of the text regions in the 

SWT-algorithm results with the noise removed, each result is la-

beled. For the labeling, the rectangle box method is generally 

used. This method can only label parts of the area, and this creates 

an excessive margin during the computation of the proportion of 

the pixels by area under the text-judgment condition. To solve this 

problem, the shape of each area was labeled. In the case of the 

rectangle box method, the position of each region is obtained us-

ing the contour, and each of the regions is represented by a rectan-

gular shape. Shape labeling is a contour-labeling method. 
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(B) 

 
  

(C) 

 
Fig. 8: Labelingresults. (A) Original Image, (B) Rectangle Labeling, and 
(C) Shape Labeling. 

 

However, a part of the text areas is not designated accordingly in 

the labeling process of (b), and this problem is shown in [Figure 

8]. But in (c), all of the text regions are included in the labeling. 

4.3. Determination of the text candidate area 

After the labeling process, the patterns of non-text regions were 

analyzed by inverting the image to remove the non-text regions. 

 

θ =
∑ (

𝑁𝑜𝑝

𝐴𝑟𝑒𝑎
)𝑛

𝑖=1

𝑁𝑜𝑎
                                                                                 (4) 

 

𝑇𝑎𝑟𝑒𝑎 = {
𝐴𝑟𝑒𝑎𝑁𝑜𝑝 > 𝜃

𝑒𝑙𝑠𝑒            𝑁𝑇
}                                                              (5) 

 

In Equation (4), Noa is the total number of regions and Nop is the 

number of pixels in each region. Using these values, the number 

of pixels was divided into non-text areas when the number of pix-

els that are included in each area is smaller than the average value. 

 
(A) (B) 

  
  

(C) (D) 

  
Fig. 9: Results of the Determination of the Text Candidate Region Using 
the Pixelcount. (A) Modified SWT Result, (B) Inverse of the SWT Image, 

(C) Non-Text Area (D) Result. 
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In [Figure 9], when the frequency of the pixels of each region in 

the noise-data-removal result is small, the results of the removal 

are shown by the separation of the frequency into the non-text 

areas. Next, to remove the non-text regions, rectangle labeling was 

applied to each height and width, and then the following equation 

was used: 

 

𝑇𝑎𝑟𝑒𝑎 = {
𝐴ℎ < 𝐻𝑎𝑣𝑔||𝐴𝑤 < 𝑊𝑎𝑣𝑔

else                         NT
}                                             (6) 

 

Where 𝑇𝑎𝑟𝑒𝑎 is the text area, 𝐴ℎis the average height of each area, 

and 𝐴𝑤 is the average width of each area. Figure 10 shows the 

results of the removal of the non-text areas that is achieved using 

Equation (6). 

 
(A) Original image (B) Non-text area 

  
  

(C) Result 

 
 

Fig. 10: Result of the Determination of the Text Candidate Region 

Using the Average Height and Width. 

 

[Figure 10] shows the result of the division of the non-text areas 

by the calculation of the width and the height of each area. The 

areas that are smaller than the average of the respective regions as 

a result of the expressions of (5) and (6) are represented by (b). 

From the final result of (c), the result that is judged as the non-text 

region and that does not contain the region is evident. 

5. Experiment results 

In this paper, the experiments were performed using the MSRA 

Text Detection 500 (MSRA-TD 500) database, which is a public 

dataset that is used for text-detection research, and the images 

were taken using a camera. The experiment was developed using 

OpenCV as a Visual Studio 2013 program in the Windows 7 envi-

ronment. The following figures are the results from the MSRA-TD 

500 images. 

 

 
Fig. 11: Results of the Sign Image. 

[Figure 11] shows the results of the text-area detection in the im-

ages with the small text size. These results show that even if the 

ratio of the texts that occupy the image is small or of a small size, 

the colors of the histogram equalization are different from the 

background; therefore, the text regions are not lost and are finally 

detected. 

 

 
Fig. 12: Results of the Sign Image (2). 

 

[Figure 12] shows the experiment results of an image with a larger 

text size than that of the Fig. 9 image. Here, the results show that 

the gradient and the edge of the text area are not noticeably lost 

compared to the background, but the text areas are detectable even 

in the image with a large text size in the image. 

 

 
Fig. 13: Result of the Outdoor Image. 

 

The images of [Figure 13] do not show sound results, as an area 

was wrongly detected and a part of the text was not detected. The 

results of the proposed method show that the text color is not con-

stant, or a part of the text area is lost in the process of the edge 

calculation, and this is not included in the final area. In addition, 

the results of the third row show that the results that are included 

in the final region contain non-text regions, or the text regions that 

are smaller than the other text regions in the image were not de-

tected. 

 

 
Fig. 14: Additional Examples of the Camera Images. 

 

[Figure 14] shows the results of the algorithmic execution accord-

ing to the camera images containing the texts that can be seen in 

real life. The SWT algorithm was used with the edge and the gra-

dient to detect all of the text candidate regions, and then the non-

text regions were removed using the text-region pattern analysis 

for the detection of the final text regions in the various texts re-

gardless of whether they are English, Chinese, or Korean.  

The experiment results show that the proposed algorithm mini-

mized the loss of light that is due to light exposure in natural scene 

images with complex backgrounds and various patterns, and it 

improves the detection of the text regions. To evaluate the perfor-

mance of the proposed algorithm, the accuracy was calculated 

according to the precision and the recall while the F-measure is a 

single measure of the algorithm, and a sound performance was 

shown using the two measures. In Equations (7) and (8), TP is a 

true positive, E is the estimated rectangles, and T is the ground-

truth rectangles, as follows: 

 

Precision =
|TP|

|𝐸|
,                                                                          (7) 
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Recall =
|𝑇𝑃|

|𝑇|
,                                                                                (8) 

 

f = 2 × precision × recall/(precision + recall).(9) 

 
Table 1: Evaluated Performances of Different Text-Detection Methods 

Method Precision Recall F-measure 

Proposed Method 0.74 0.66 0.69 
Kang et al.11 0.71 0.62 0.66 

Yao et al. 12 0.63 0.63 0.60 

TD-ICDAR 0.53 0.52 0.50 
Epshtein et al. 13 0.25 0.25 0.25 

Chen et al. 14 0.05 0.05 0.05 

 

[Table 1] shows the average values of the precision, recall, and F-

measure of each algorithm using Equations (7), (8), and (9). In this 

paper, the proposed new algorithm filtered out the non-text re-

gions after the detection of all of the text candidate regions. There-

fore, the precision, recall, and F-measure results were improved. 

However, when the light exposure in the external image is severe 

or the text size is not constant, the process of judging a small text 

area as a non-text area in the process of the removal of the area is 

inaccurate. 

6. Conclusion 

The proposed method of this study removes the non-text areas 

through a pattern analysis for the accurate text detection in natural 

scene images for which a hybrid edge–texture method is used for 

the text detection. The proposed method minimized the texts loss 

that is due to light exposure through histogram equalization by 

implementing a preprocessing for the text extraction in the natural 

scene images, for which the SWT algorithm was used to fill the 

interior of the text candidate regions for the pattern analysis of the 

extraction processing stage. In the extraction process, the height, 

width, and area of each contour are calculated during the image-

pattern analysis, and by applying the formulae, each region is 

divided into text and non-text regions. The final result shows that 

the text regions were detected in various languages (English, Ko-

rean, Chinese, etc.) regardless of the size of the text. In the SWT 

processes, however, the text areas were lost, or the non-text areas 

such as the background area were also detected as a sentence area. 

In the future, it is expected that a more efficient text extraction 

will be possible through a supplementation of texts of the same 

texture as a single area. 
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