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Abstract: An cfficient method 10 recognize caption arca in
MPEG compressed video was presented. by making use of the
contrast of I-frame to distinguish caption arca with back-
ground. We define texture cnergy. intensity of boundary.
distance of background. and texture correlation o recognize
caption area and caption [rame. The benefit of only analyzing
I-frame is that we can make use of DCT coefficients directly
without losing information. We have experimented with our
algorithm, and the result of experiment indicates that the per-
formance of the algorithm is efficient.
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0 Introduction

With the continued increasing of video data. we demand
true content based indexing and retrieval system. In
retrieving video. text is one of important clues. Li et al'"!
pointed out that text can be divided into two classes. scene
text and graphic text. Scene text appears within the scene and
is captured by the camera, Graphic text 1s mechanically added
to video frames to supplement the visual and audio content,
Graphic text is often called caption. Since it is purposefully
added. it 1s often more structured and closely related to the
subject than scene text,

Considering the cost of transmitting and storing video da-
ta. most video data 1s transmitted and stored in compressed
format. MPEG compressed video is the most popular, because
of its efficient compressed ratio and quality of image.

In order to avoid cost of decompressing. we present a
method to recognize caption area directly in MPEG compressed
video, I[ we can recognize directly on compressed video, we
can avold the expensively decoding cost and accelerate the
speed of indexing.

AL Lien-

There are many scholars, such as Jain®!.1
hart' " . Mariano'*'. Shim-"!. have rescarched the methods
of recognizing and extracting text in decompressed video, and
the recognizing ratio that they have acquired is rather well, All
above algorithms have high cost of computing because they
need to decompress MPEG video at first. Lim'®'. Zhang-" .
and Zhong'"" present methods that detect caption area direct
in MPEG compressed video, They all make use of DCT (Dis-
crete Cosine Transform ) coefficients.  which provided by
MPEG compressed video, In DCT.
(0.0) is called DC(Discrete Cosine) coefficient and the other

coefficient in location
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values we call them AC (Alternating Current) coeffi-
cients. Lim restricts location which text emerges. Zhang
makes use of DC coefficients to compute texture energy of
block. Zhong only use horizontal intensity variation, Cur-
rently, many scholars suggest analyze AC coefficients of
block. The main problems of the kind of method are that
how to select AC coefficients, and how to deal with bound-
ary, and how to deal with complicated background,

1 Texture Feature of Text Area

We only deal with I-Hrames. Caption usually will be
lasted a rather long period, longer than 1s, in order to be
seen clearly by audience. The text frame will be emerged
in a GOP(groups of picture) at least, about 0.5s. We
can make use of I-frames in the shot to detect text frame,
One advantage of using I-frame is that we can make use
of AC coefficients directly.

Different text maybe has different color or lumi-
nance, and the case of background is similar, We can’t
distinguish text with background using feature of color or
luminance, There is a high contrast between text and
background in video sequence. The color and texture of
text area is different from background. AC coefficients of
MB(Macro block) represent texture feature. We use A;
to represent AC coefficients.

From DCT coefficients in MPEG, we know A,; and
A, represent density changing of image in horizontal and
vertical direction respectively, and A; represent density
changing of image in diagonal direction. The low fre-
quency coefficients represent coarse texture, and more
sensitivity for human eyes. The high frequency coeffi-
cients represent fine texture, and less sensitivity for hu-
man eyes. MB emerging text includes both kinds of tex-
ture. We select the first 9 AC coefficients of an MB to
build the texture energy of the MB. The definition of Et
(texture energy) is as Eq, (1).

9
Er(irj) = D A (D
k=1
i, j is the coordinate of MB, respectively. E(the av-

erage texture energy of a frame) is defined as:
M N
DD VErGap)
E= iZLi-] 9
MXN @
M, N is the number of MBs in horizontal or in verti-
cal , respectively. If the quotient that the texture energy
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of a MB divided by the average texture energy of a frame

is greater than a threshold, the MB is called text MB.

We can represent MB by binary digit. The definition of
By (text block) is as follows.

By Gioj) = {1, E: G j)/E> Ty

0, Er(,p/ELTy

The texture energy of text MB is larger than the

(3

texture energy of other MB, so the Ty in (3) is larger
than 1 at least. Based on the Shannon entropy'!, we
can select T); automatic, and Ty is about 1, 5. In experi-
ment, we find that the result is satisfied when the value
of Ty between 1.2 and 1. 5. The examples in the paper,
we select 1.5 as Th.

Fig. 1 is the example that I-frame and corresponding
binary images using expression (1),(2),(3). In Fig. 1
(b), The black blocks represent text block, and the
white blocks represent background block.

From Fig. 1, we find the MB that not emerging text
maybe have large texture energy, because of the com-
plexity of background texture. The large energy MBs of
background emerge randomly and discretely. Caption is
usually a sentence, so the large energy MBs of text e-
merge consecutively, and form a rectangle. In order to
distinguish the two kinds large energy blocks, we take
the method as follows.

Horizontal caption is more common than vertical
caption., We emphasize to recognize horizontal caption.
First, we scan binary image according to row. If the
length of consecutive black blocks is less than 3, we take
them as white blocks. Second, we scan binary image ac-
cording to column. If the length of consecutive black
block is less than 2, we take them as white, We call such
operation as smoothness. Fig. 2 is the smoothing result of
Fig. 1.

Background Background Background

( aption | Capuion Caption

(a) 3 I-frames in moving shot

toans"Sesns wu suss! K Y eieisissigssy

444+ ) ‘h v e + 4

. v -+ ++ + bhae e + ianaes)

: # : H.ﬁ:‘ H

+ v+ 9 - 44
HAA . . :

ssmsn T |

. 3 +

822
- ks as e

(b) Binarized image corresponding (a)

Fig. 1 Results of recognising meving shot
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Fig.2 The smoothing result about Fig. 1

In order to let audience watch caption clearly, we
would not add caption at the brim of image. We can rec-
ognize text area without considering 4 brims. Because
texture energy is independent of kinds of language, we
can recognize other language text,

The precondition of smoothing is that a text area
will include 3 MBs in horizontal direction and 2 MBs in
vertical direction. The premise is suitable for most cases,
but it is possible that the number of MB with high con-
trast will be decreased when there are several text areas in
frame picture, If all text area is be smoothed, we will
lost some information, and it is possible mistake text
frame as non-text frame,

In order to avoid text area being smoothed, we
modify the method of smoothing as follows.

After smooth in horizontal direction, if there is only
one non-text block between two text area in every row,
we consider the non-text block as text block, and merge
the two text area as one text area, If the number of MB
in the largest continuous text area takes the major, it is
possible that emerge a large continuous text area, and we
smooth the binary image in column, Otherwise, we
don’t smooth in column.

We make use of “and”, “or” operation between two
rows in binary matrix to compute the number of MB in a
continuous text area. In binary matrix, 1 stands for text
MB, and 0 stands for non-text MB, I the all result of
“and” corresponding position between two rows is zero,
the two rows is not continuous. Otherwise, the two rows
is continuous and the number of MB in continuous text

area is the sum of the value of “or” plus the value of

“and”.

2 Texture of Boundary and Special
Background

From Fig, 3, we find some non-text block being
considered as text block., If non-text block is considered
as text block in a frame that emerges text, it doesn’t
matter, because we only decoded frames that emerge
text. If non-text block is considered as text block in a
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frame that doesn’t emerge text, it will increase the cost
of unnecessary decoding.

(a) Obvious boundary
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(b) Bmarlzed image of corresponding (a)

Fig. 3 Mistake non-text area as text area

The reason that, emerges in Fig. 3 is that we assume
existing high contrast between text block and background
block. When a boundary emerges in a frame, contrast of
both side of boundary is also high. In order to distinguish
text block with boundary block, we look into four blocks
in MB. When boundary emerges in a MB, the blocks of
both sides have large difference of luminance and the
blocks of the same side have small difference of lumi-
nance. The luminance of 4 blocks in text block is uni-
formity and the difference of luminance is small. We can
make use of luminance DC coefficients of block to distin-
guish boundary block with text block. The intensity of
boundary is defined as follows.

L =|(Dy+D)—(D:+Dy) |
L, =’ (Dy +Dy)—(Dy + Dy) I
Ly =| (Dy +D3)— (D + D) |

B litltL "

1+2|D|/4

D; represent the DL coefficient of block 7. In text
MB, luminance of four blocks is uniformity, and the val-

ue of E is small. When boundary emerges in a MB, the
value of Bl is large.

(I, B<T.
BMB(h]) - {O, Bl > Tc (5)

i and j represent position of high energy in matrix, 1
represents text block. and 0 represents boundary block.
During experiment, we find the feature of boundary is
obvious when the value of E is larger than 3, and so we
select 3 as T,. After building up binary matrix by Eq.
(3), we compute boundary intensity and assign the non-
text block as 0. Fig. 4 is the result of eliminating bounda-

365



boatd
boo e
‘o

iEL

Smsmssesssme
b o

AL

Fig. 4 Eliminate boundary MB in Fig. 3

ry of Fig. 3. In order to compare result, we don’t smooth
column in Fig, 3.

Besides boundary MB has high texture energy, some
special background MBs, such as branch of trees, net-
work, and so on. also has high texture energy. Such case
will lead to consider non-text frame as text frame.

In order to deal with special background, it is neces-
sary to analyze high texture energy MB. We find that
difference of color between high texture energy back-
ground and low texture energy background is small and
the difference of color between text and background is
large. So we make use of the difference of color to distin-
guish text with special background. When a high texture
energy MB has adjacent low texture energy MB, we just
estimate up, below, left, and right 4 neighbors at most.
We define distance of background as follows,

N, :| Dry — Dyy ’
N, :l Dy — Dyy [
N, =| Dyv — Dyy |
Dyg(ivj) =Ny + N, +N; (6)

In Eq. (6), Dyy, Dyy represents the DC coefficients
of luminance of high and low energy block respectively.
D1y s Dyy represents the DC coefficients of color of high
and low energy block respectively. Dyv, Dyy represents
the DC coefficients of another color of high and low ener-
gy block respectively.

When maximum Dy (7,j) of up, below, left, and
right 4 neighbors is greater than T,, By (i.j) is 1. other-
wise, By(i.g) is 0.

i and j represent position of high energy in matrix.
L.R,U,B represent left, right, up, and below four di-
rections, If background distance between high energy MB
and low energy MB is larger than a threshold, we consid-
er the high energy MB as text MB. Otherwise. we con-
sider the high energy MB as non-text MB. The threshold
T, is 300 based on the entropy of Shannon,

If caption emerges in vertical direction, we can take
the similar method. The goal of the algorithm is recog-
nizing text frame directly using DCT coefficients. In ex-
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periment, the algorithm can acquire good result not only
recognizing caption text, but also recognizing scene text.

3 Recognize Caption Frame

In order to represent continuous of MB, We define
the texture correlation between MBs in a row. If the cor-
relation is large, the MBs belong to text MBs, other-
wise, non-text MBs. The definition of texture correlation
in a row is as follows;

N
D Tylinj) X Tylivj— 1)

HeG) = =2 N1 (7

Ty represents the binary matrix of MB. i, j repre-

sents row and column respectively. The correlation be-
tween MBs in a column is defined as follows:

N
DV Tulin) X Tyli—145)

Ve = =2 =T (8)

If the direction of caption is horizontal, the value of
is H¢ large. If the direction of caption is vertical, the

value of is V¢ large. If the text area includes many MBs
or the number of text area more than one, the correlation
between rows or between columns is large, We make use
of Eq. (7) and Eq. (8) to define correlation between rows
and between columns as Eq. (9) and (10) respectively.

M
DTHe() X Heti— 1D
Tye = = (9
[M=D X 3] DT Tlie)) [/ (MX N
o i=1 j=1
Ve XVe(i—1)
Tye = = M N (10)

[(N=DX D D Tulinp) [/(MXN)

i=1 j=1
When text emerges in picture, Ty or Tye will in-

crease obviously. In experiment, we find the special
background can influence the value of Tyc, but it will
not influence for recognizing text frame. The robust of
the algorithm is good. Fig. 5 is an example of recognizing
text frame,

4 Experiment Result and Analysis

In order to evaluate the algorithm, we use recogni-
tion ratio(R) and precision ratio( P) as standard. We de-
fine recognition ratio and accuracy ratio as follows:
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Fig. 5 The result of recognizing text frame

R=—-~—— - (1n

~

TCLF (12)

(" stands for the correct number of text frames. M
stands for the missed number of text frames. F stands
for the false number of text frames,

To evaluate our method and compare with exist
method. we have tested on about 5 000 [-frames MPEG
compressed video sequences. Table 1 1 the results of
test, The algorithm is benelit for decreasing cost of ree-
ognizing text, The time complexity of the algorithm is
OCGnnp). m represents the number of MB, # represents
the number of I-frame in video sequences, p represents
the number of high cnergy MDBs,

Table 1 The results of test
Algorithm R P
Zhong et a/_"#‘ 775)27 - {\’.'7-177 -
Our method a5 90

5 Conclusion

In this paper. we propose a method 1o detect caption
area and text frame, The algorithm bases on the DCT
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coclficients of MPEG. The computing cost is low. be-
cause we use the information directly, without decoding.
and only analyze IHrames. If MPEG sequences are only
made of I-rames. we will detect I-frame every other 15
frames. The next effort will be using A/V objects in
MPEG-1 and the multimedia content description interface
in MPEG-7 10 help us detecting text area.
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