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Abstract

Caption region detection is significant for text segmentation and recognition in video
images. In this paper, caption region detection includes the following three steps: text corner
detection, candidate text region generation, non-text region elimination. Firstly, an improved
Harris corner detection algorithm based on second difference, called sHarris, is proposed to
detect text corners. sHarris detector is effective to detect text corners existing in video image.
Secondly, morphologic operations are utilized to generate candidate text regions after text
corner points are detected. Finally, non-text regions are eliminated from candidate text
regions by some validation rules. In the end of this paper, experiments are used to analyze
and evaluate the detection results of caption regions, which indicate the effectiveness of the
proposed method.
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1. Introduction

Texts in videos and images can help us to obtain more information, and comprehend these
videos and images much better. So, the detection and recognition of them have drawn more
and more researchers’ attention recent years [1-25]. Text region detection is a key step of text
detection and recognition. The following features usually used to detect text region: (1) Color
clustering feature. For example, Hase, et al., divided a full color image into several
representative binary color images to nominate character strings by using multi-stage relation
[4]. This feature is commonly applied to the case that color of texts in images is similar or
distinct with other background. If texts have various colors, the color features would be
invalid. The feature also becomes ineffective when the color of texts is similar to the
surrounding region, or other background region. (2) Edge feature. Because there are different
contrasts between background and texts, edge is a widely-used feature for text region
detection. Shivakumara et al. proposed an efficient edge based technique for text detection in
video frames [9, 18]. However, edge feature is always combined with some other methods to
generate and identify candidate text region. Many researchers applied edges to construct
connected component for candidate text region generation [6,19, 20, 25, 26]. In addition, Mita
and Hori [14, 24] used And Operation between stable edge images and low variance image
for candidate text region detection. Lyu, et al., [7] proposed a coarse-to-fine localization
scheme based on edge detecion to identify text region. The shortcoming of edge feature is
that text region detection is easily influenced by complicated edge information of the
background in images or videos. (3) Connected component (CC) feature. As previously
stated, to get candidate region, we may need to construct CC after edge detected. Agnihotri, et
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al., [26] and Yangxing, et al., [27] used various 8-neighborhood-connectivity algorithms to
construct connected component. Different from them, Chen, et al., [25], Jung, et al., [19] and
Cheolkon, et al., [28] utilized morphologic operation to obtain connected component.
Otherwise, Zhu, et al., [5] proposed a non-linear Niblack method to form CCs, and trained
these CCs in a cascade of classifiers by Adaboost algorithm to get the detection results. (4)
Texture feature. The text and non-text region contain different texture information through
the transformation of DCT, FT, WT, etc., so, texture feature can be used to detect the text
region. Kumar, et al., putted forward two-class Fisher classifier based on matched wavelet
filters to extract the textual areas of an image [3]. Zhao, et al., adopted Neural network to
locate the text region based on DWT and the feature of Kurtosis [10]. Texture analysis was
performed by Crandall, et al., in 8><8 block-wise DCT for text detection and localization [23].
(5) Corner feature. Strokes of texts contain abundant corners which can be used to detect text
region. There are two typical corner detection algorithms, Susan and Harris corner detection
algorithms. Guo, et al., [15] designed an algorithm of video text localization based on Susan
corner point detection and color clustering. A novel detection and localization method for
video texts is proposed based on Harris Corner Response [16]. Zhao, et al., also used Harris
corners detection to detect text and caption in videos [17]. Zou, et al., [29] made a
comparison between the two methods, and concluded that Harris corner detection algorithm is
superior to SUSAN corner detection algorithm on the whole.

In this paper, detecting caption text region in videos is discussed such as News, Films, TV
series, TV talk shows. Caption texts often have different contrasts, sizes, colors or languages,
and it makes the detection work more difficult. Considering the characters of caption texts
itself and the complexity of background in video images, Corner feature is introduced to
detect caption text region. The detection work includes the following three steps: text corner
detection, candidate text region generation, non-text region elimination. In the first step, an
improved Harris corner detection algorithm based on Second difference, called Harris, is
proposed to detect text corners. Next, morphologic operations are used to generate candidate
text regions after text corner points are detected. Finally, non-text regions are eliminated from
candidate text regions by some validation rules.

2. Harris Corner Detector

The Harris operator, developed by Chris Harris and Mike Stephens in 1988 [30], is based
on the local auto-correlation function of a signal, which measures the local changes when the
signal shifted by a small amount in different directions [30, 31]. Let (X, y) be a pixel point in a
digital image, (Ax, Ay) be the magnitude of shift at (x, y), and f(x, y) be the image function.
The auto-correlation function is defined as [30, 31],

VoY) = Y [F 0y - f (% +Ax Y, + Ay
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Where, (x;, yi) are the points in the Gaussian window w centered on (X, y). The Gaussian
template w(x, y) = exp —(x*+ y*)/2; the value o and size of the Gaussian template need to be
chosen. fx(-, -) and fy(:, -) are the partial derivatives in x and y directions, respectively.

Harris corner detector is defined as follows:

R(x, ¥) = A(x, y) B(x, ¥) ~ [C(x, )]’ ~ k[A(X, ¥) + B(x, )] )

=[Ax Ay
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Where, A(x, y) :Z(fx(xi’yi))z’ B(x, y) :Z(fy(xi’yi))z’ C(x, y) :fo(xi’yi)fy(xiiyi)'

When set a threshold CT for R(x, y) to find local maxima, then, we can get the corners. k is a
constant. k = 0.04 to 0.06 give the best results according to empirical tests [16, 32].

3. Text region Detection
3.1. Text Corner Detection by Improved Harris Corner Detection Algorithm

Given that the image signal is a sequence of samples from some function f, then
f'(x;))=Af(x)/Ax. Set the sample spacing is Ax = 1, derivative of f (x) can be approximated by

f '(Xi) =f (Xi) —f (Xi—l) 3)
The masking template of first difference could be represented as M= [-1, 0, 1]. Then, the
3x3 horizontal and vertical masking templates of first difference are shown in Figure 1.
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Figure 1. 3x3 Masking Templates Figure 2. 3x3 Masking Templates
of First Difference of Second Difference

And, the second difference of f (x,y) about x and y can be approximated by

7=

2 2
gx—zz f(x+Ly)+ f(x=1y)-2f(x,y): ‘ZTf— fOCy+0)+ F(x, y—1)—2f(x,y) (4)

Then, the 3x3 masking templates of second difference can be denoted as Figure 2.

The masking templates shown as Figure 1 and Figure 2 can both be used to detect edges.
For example the image in Figure 3, the results of edge detection with first difference and
second difference are showed in Figure 4 and Figure 5. The left images are results of vertical
edges, and the right ones are results of horizontal edges. In Figure 4, the white lines mark
the edges of non-texts detected by first difference masks, which disappear in Figure 5
detected by second difference masks. Given a signal S, if S is upward step edge, downward
step edge, bright impulse or line, second derivative masks produce zero-crossings at points
of high contrast. But, first derivative masks just produce high absolute values at points of
high contrast. So, the second difference is introduced into Harris in this paper.

| can see your light. Hold on I'm coming over.
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Figure 3. Original Image
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Figure 4. The Vertical and Horizontal Edges by First Difference Masks

Figure 5. The Vertical and Horizontal Edges by Second Difference Masks

Let f(x, y) be the image function, (Ax, Ay) be the magnitude of shift at (x, y), (f(xi+AX,
yitAy)—f(xi, yi)) and (f(xi, yi)—f(xi—AX, yi—Ay)) are shift magnitudes in two opposite directions.
The auto-correlation function about the difference of the two shift magnitudes is defined as
V% y) =Y IF(x + Ay, +Ay) + £ (x - AX,y, - Ay) - 2f (x,, y)f

,\

0 0 1
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Where, oty
A= Z( 6Xz) Z( 4 ayz)
o°f 0% f 62f 62
Z(ax2 axay) Z(axay ay
c(x,y)=det(M) — k(trace(M)); ()

Where, det(M)=1:4, =AB-C? trace(M) =4+, = A+B; When set a threshold CT for c(x,y)
to find local maxima, the corners can be obtained. In Eq. (5), k is a weight value which is also

set to be the same as the Harris corner detector.
This paper named the improved Harris corner detector as sHarris.
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3.2. Candidate Text Region Generation

To obtain candidate text regions in a video image, the corners which are detected by
sHarris detector must be further processed. Input video images, the output of sHarris
detector are their corresponding corner images. Some morphologic operations are applied to
generate connected components here. Find the position of these corners in original video
images, and repeated dilating operation will be implemented. About twelve calculations
with dilating operator are necessary. Then, some connected components would be generated
at the center of corners which are candidate text regions. The template of the operator is a
3x3 square matrix. Figure 6(b) is the corners detected by sHarris from Figure 6(a). In Figure
6(c), two candidate regions are obtained after twelve dilating operations. One of candidate
regions contains all the text information in the video image.

(b)

Figure 6. Detected Example: (a) Original Image; (b) Corners Detected by
sHarris; (c) Candidate Regions After Dilating Operation; (d) Final Text Region

3.3. Non-text Region Elimination

Label all the candidate regions after they are generated through morphologic operation.
Calculate the horizontal diameter (hy) and vertical diameter (vq) of candidate regions. Then,
the ratio of hy and vq4 (ry), the ratio of v4 and hy (r,,) are obtained. Given that the i-th
candidate region is connected component c;, ¢;(x) and c;(y) are the coordinate values of c; in
horizontal and vertical direction. A valid value of hy, vq, ', v, could be used to eliminate
the non-text region.

A text region can’t be judged by only the size of connected component. Before a region is
really eliminated, there is another important step: Choose the maximum between hy and vy of
ci, and pixel scanning is implemented at the location of 2/5 and 3/5 respectively in the
maximum direction. In Figure 6, there are two candidate regions, the scan results of upper
one is shown as Figure 7(a), and the lower one as Figure 7(b). The two scan lines will be
resemble each other in general structure for a regular text region as shown in Figure 7(b).
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Figure 7. Scan Lines of the Candidate Regions in Figure 6

:‘l

|

TR T HRLEE, RA) iE ;

13
iﬁ::‘z f!}ﬂ‘lx&‘?(‘kﬁ iﬁ
Start with s

poil nH this fun,

The whole workflow of the text region detection in this paper is shown in Figure 8.

‘Input images} - —+ sHarris }
Y-

Get corner points

Dilating operator

‘ Get candidate regions ‘

l

‘ Non-text region elimination ‘

Figure 8. The Whole Workflow of Text Region Detection

4. Experimental Results

The testing images are a number of real-life video clips including television, movies and
TV news, which come from TVB, CCTV, BBC, or some TV series of Europe, America,
Japan and Korea. The languages of texts in these videos include Chinese, English, or other
languages. Given that o = 2 and Gaussian window typically has a radius of 3 times the
standard deviation. The results of text region detection are compared and analyzed between
Harris and sHarris according the detection workflow in Figure 8. Finally, some criterions are
introduced to evaluate the detection results of these methods, including the method in [16]
and the method in [7].

When the background and texts have high contrast, or the background is not very complex,
detection results of Harris and sHarris are approximate. Conversely, if the background and
texts have low contrast, or the background is complex, detection results of sHarris are
better than Harris. When CT gets different values 10 and 20, text regions in Figure 9
detected by sHarris are explicit in Figure 10. However, detected regions by Harris
conclude background in Figure 11.
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Figure 9.

b

(@) (b) @ b

Figure 10. Detection for Testing Figure 11. Detection for Testing
Image One by sHarris, CT=10 (Top Image One by Harris, CT=10 (Top
Line), 20 (Bottom Line), (a) Text Line), 20 (Bottom Line), (a) Text
Candidate Regions, (b) Text Region Candidate Regions, (b) Text Region

How the detection performance could be satisfactory, whether the bigger or smaller value
of CT? Background around texts in Figure 12 is complex, and the corners including texts and
background are detected by Harris. Dilating operation makes text region and background
connected, then, the candidate will be removed as false detection, as shown in Figure 14 and
CT=10. Quantities of experiments have showed that text regions are well detected by sHarris
when CT is between 10 and 20.

Figure 12. Testing Image Two
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Figure 13. Detection for Testing Figure 14. Detection for Testing
Image Two by sHarris, CT=10 (Top Image Two by Harris, CT=10 (Top
Line), 20 (Bottom Line), (a) Text Line), 20 (Bottom Line), (a) Text
Candidate Regions, (b) Text Region Candidate Regions, (b) Text Region

Finally, some criterions are introduced to compare the detection results. Hundreds of
images are randomly selected from aforementioned video clips. Compared methods include
sHarris and Harris detector based on the workflow in Figure 8, the method in [16] and the
method in [7]. The comparison results are shown in Table 1, in which the criterions are as
follows [9, 22, 23]:

(1) Correctly detected text region (CDR): a detected region that contains text.

(2) Falsely detected text region (FDR): a detected region that does not contains text or
complete text information, or the background holds a large proportion in the detected region.

(3) Recall rate (RR): RR=CDR/total text region.

(4) Precision rate (PR): PR= CDR/ (CDR+FDR).

Table 1. Results of Text Detection Using the Following Methods

Total textregion CDR  FDR RR PR
This workflow using sHarris 378 351 14 92.86% 96.16%
This workflow using Harris 378 319 71 84.4% 81.8%
Method in [16] 378 342 19 90.48% 94.74%
Method in [7] 378 337 26 89.15%  92.84%

As shown in Table 1, although this workflow using Harris and method in [16] both employ
Harris detector, the results of the latter is better than the former. The reason is that the dilating
operation in Figure 8 makes the text region and background to connect together, and the
candidate regions contained texts are eliminated as false detected text region, as shown in
Figure 14. Images were divided into small blocks in [16], and threshold which are set to be
the mean corner response of these blocks are used to get candidate text region. Then, color
feature and size range of connected component are used to verify candidate regions and
obtain text regions. The detection results by Harris are distinct when thresholds CT are
different. The improved detector sHarris can detect these points which denote mostly text
existing. Therefore, there is only a global threshold CT, and the detection time will be
shortened. As shown in Table 1, it is concluded that the proposed method has a better
performance than other three methods on text region detection. There are some detection
examples in Figure 15. Of course, there are some missed and false text detection results
shown in Figure 16. The white lines in Figure 16(b) are marked the missed and false detection
regions corresponding to the black lines in Figure 16(a). Polychrome caption texts do not be
considered in this paper as shown in Figure 17. In addition, texts in book cover or other
images can be detected, for example, Figure 18.
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Figure 16. Examples of Missed and False Detections
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Figure 17. Polychrome Caption texts Figure 18. Text Detection for Book Cover
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5. Conclusion

As mentioned above, there are different contrasts between caption texts and background in
video image, and there are high-density corner points in text region. According to these
features, a novel method is proposed based on improved Harris corner detector. Second
difference is introduced into the improved Harris corner detector, called sHarris. Then,
morphologic operations are performed to generate candidate text region, and the size ranges
of these regions and the similarity of scan lines in candidate regions are used to validate text
region and eliminate the non-text region. The proposed method is employed to detect caption
text region, especially caption regions in some TV series or TV news. Finally, some
experiments are used to show that the proposed method is robust to detect caption text region
when caption texts have different contrasts, sizes, colors or languages.
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