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Abstract: An efficient modred to recognize caption area in 
MPEG compressed video was presented, by n>king use of the 
contrasl of ] frame to distinguish caption arva will~ back 

ground. We define texture energy, intensity of b(lui~dary. 
distance of background, and texture correlation to recognize 

caption area alld caplion frame. The benefit of only a,lalyzing 

1-frame is that we can make use of I)CT coefficicnls direedy 
wilhoul losing information. Wc have experime,ltcd wil.h our 

algorithm, and the resuh of experiment in(liealcs that the per 
formance of the algorithm is effieieut. 
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0 Introduction 

W ith the continued increasing of video data, we demand 

true content based indexing and retrieval system. In 
retrieving video, lext is one of important clues. I.i et a/I ' l  

pointed out that text can be divide({ into two classes, scene 
text  and graphic lexl. Scene text appears within the scene and 

is caplured by the camera. Graphic lext is mechanically added 

1o video frames lo supplemenl the visual and audio conlenl. 

Graphic lexl  is often called caption. Since il is purposefully 

added, it is often more slructured ;rod closely related to the 

subject than scene text. 

Considering the cost of transmiuing and sloring video da 

ta, mosl video data is transmitted and stored in compressed 

formal. MPE(;- compressed vide() is lhe most popular, because 
of ils efficienl compressed ratio and quality of image. 

In order to avoid cosl of decompressing, we present a 

method lo recognize caption area directly in MPEG compressed 

video. If we can recognize directly on compressed video, we 
can avoid ll)e expensively decoding cost and accelerale the 

speed of indexing. 
There are many scholars, such as Jain eel , I.i !'':~? , I.ien- 

harl{ 1.~ . Marian(){ (s l ShimI:r~ have researched 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 MPE(; video al first. Lim I< .  7.hang ~-~I . 

and Zhong L >' present methods thai dctccl caption area direct 

in MPEG compressed vide(), They all make use of I)CT (Dis 

crete Cosine Transform) coefficients, which provided by 

MPE(; compressed video. In IXVI ". coefficient in locaion 

(0.0) is called IX'(l)iscrele Cosine) coefficienl and lhe other 
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values we call them AC (Alternating Current) coeffi- 
cients. Lim restricts location which text emerges. Zhang 
makes use of IX; 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-frames. Caption usually will be 
lasted a rather long period, longer than ls ,  in order to be 
seen clearly by audience. The text frame will be emerged 
in a GOP(groups of picture) at least, about 0.5 s. We 
can make use of bframes 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 0 
to represent AC coefficients. 

From DCT coefficients in MPEG, we know Ao~ and 
Aio represent density changing of image in horizontal and 
vertical direction respectively, and A 0 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 

Ev(i,j) = ~-]Ak(i,j) (1) 
k=] 

i, j is the coordinate of MB, respectively. E(the av- 
erage texture energy of a frame) is defined as: 

M N 

E = i 1 j - - I  ( 2 )  

M• 
M, N is the number of MBs in horizontal or in verti- 

cal , respectively. If the quotient that the texture energy 

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 

BT(text block) is as follows. 

t~' ET(i,j)/E> Tn (3) 
Bf(i,j) = ,v ,  ET(i,j)/E~ Tn 

The texture energy of text MB is larger than the 
texture energy of other MB, so the Tn in (3) is larger 

than 1 at least. Based on the Shannon entrop~ n? , we 

can select Tn automatic, and TH is about 1.5. In experi- 
ment, we find that the result is satisfied when the value 
of Tn between 1.2 and 1.5. The examples in the paper, 

we select 1.5 as Tn. 
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. 

(a) 3 l-frames in moving shot 

(b) Binarized image corresponding (a) 

Fig. 1 Results of recognising moving shot 
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i!!!!!!!!!!!ilJiii!ii!l!J!!!!!!!!!!!!!iiiiiii 
frame that doesn't emerge text, it will increase the cost 

of unnecessary decoding. 

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 MRs 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, t stands for text 

MB, and 0 stands for non-text MB. If 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 

(a) Obvious boundary 
I l l l l l l l l l l l l l l | l l l l l  I I I I I I I l l l l l l l l | l l l l l !  a ' ' l l I w ' l ' l ' ' ' * ~ ' ' ' ' ' i m . . . . ~ . j ~ l . ~ w m l ~ l . a . .  I 

n |  n 

l | l l , , n | | | I | l | l l l | l l | i l | l | | | l | l l l | I I I l l l l I l l  
n e l l  n | l l l l l l l l n g , l l l l | l e | l l e n l l e l l e n l l l  

. l ~ w . . i . m . * . . ~ * . l w l . ~ i l . l m l * . l ~ l . ~ w . . m l . m ~ g ,  | | | l l l g l l l l l l l l | I l l l |  l | l l l | l l | ' n ' I | l | | | l l | l  
I l n l | | n l | l l l N n | l l l | l n  l n l n l n l l l l l n | l l l l l n l n l  
I i l l l l l l l l l l l n l l l l l l l  ~ I I I I I I I I I I I I I I I I I I I I I I  
I I I I I l l l l l l l l l t l l l l l i * i i l l l l l i l l l l / l l l l i l l l l  

n ; I  I 

I l l | l | g n l [ | l D l l n | l f l n  l l | / I n l l n | ~ l l n l n | n l l l |  

(b) Binarized 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 I)C coefficients of block to distin- 

guish boundary block with text block. The intensity of 

boundary is defined as follows. 

LI = I (Do + DI ) - (D, + Ds ) I 
L2 =1 ( Do + Dz ) - ( DI + D:~ ) l 

L~ = I (Do + D:~ ) - ( D1 + D., ) I 
BI L~ + L,, + L:~ 

- :~ - ( 4 )  

Di represent the DC coefficient of block i. 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 BI is large. 

t l ,  BI < T~ (5) 
BMB(i,j) = O, Bl >~ T~, 

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- 
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Fig. 4 Eliminate boundary M B  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 l  = [ DTV - -  DBy  [ 

N2 = [ DTU - -  Duu [ 

N:~ = I D r v -  DBV I 
DrB(i,j) =N1 + Nz + N:~ (6) 

In Eq. (6),  DTy, Duy represents the IX2 coefficients 
of luminance of high and low energy block respectively. 

Dvu, DBu represents the IX? coefficients of color of high 
and low energy block respectively. Dry,  DBv represents 
the IX; coefficients of another color of high and low ener- 
gy block respectively. 

When maximum DrB(i,j) of up, below, left, and 
right 4 neighbors is greater than T,, Br(i,j) is 1, other- 
wise, BT ( i , j )  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. ()therwise, we con- 
sider the high energy MB as non-text MB. The threshold 

7", 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 t e x t  frame directly using DCT coefficients. In ex- 

periment, the algorithm can acquire good result not only 

recognizing caption text, but also recognizing scene text. 

3 R e c o g n i z e  C a p t i o n  F r a m e  

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 

TB(i,j) • TB(i,j -- 1) 

He(i)  = ~=2 (7) 
N - 1  

TB 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 

Tu(i,j) X TB( i -  1 ,j) 
Vc(j)  = i=z (8) 

M - 1  

If the direction of caption is horizontal, the value of 
is Hc large. If the direction of caption is vertical, the 
value of is Vc 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 

He(i)  • He(i-- 1) 
Tin" = i=2 (9) 

M N 

[(M-1) X N) 
i = l  j - -1  

M 

~ V c ( i )  X V c ( i -  11 

Tw = i=2 (10) M N 

[ ( N - l )  X ~ 2  ~-]T~(i , j )] / (MXN) 
i - i  j - i  

When text emerges in picture, Tuc or Tw will in- 
crease obviously. In experiment, we find the special 

background can influence the value of THe, 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 E x p e r i m e n t  Resu l t  and  A n a l y s i s  

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: 

366 ZHANG Peng et al: A Method to Recognize Captk~ Area in..- 



0.10 

0.(18 

~- 0.06 

0.04 

0.02 

Text 
frame 

Text 
l+rame 

Ntm-texl 
flame 

(a) I frames in ~e\','s video 

Fig. 5 

i i 

i i - I  i - 2  
li'[lll] e i1 till] bcr 

(b) Til t o f [  ]i'[III]CS corrcsonding (a) 

The rtsult of rce<~nizing text frame 

Non-text 

frame 

i 

i ' 3  

, 

R l l )  
( ' + M  

p ( '  12) 
( ' + F  

(7 stands for the correct number of teXt frames. M 
stands for the missed numher of text frames, F stands 
for the false number of text fr+tmes. 

"lb evaluate our method and corot)are with exist 

method, we have tested on about 3 000 I frames MPE(; 

compressed vide() sequences. "[)-tblc 1 is tt> resuhs of 
test. The algorithm is benefit for decreasing <'()st of rec 
ognizing text. The time complexity of the algorithm is 
O(mnp). m represents the numt>er of MB. , represents 
the number of I frame in video sequences, p represents 
the number of high energy MBs. 

table 1 The results of lesl 

Alvoridml R ' :  P ::i: 

Zhong el u/ r ,  9'2 ~ii 

( )ur meth(xl t); !)0 

5 Conclusion 

In this paper, we propose a method to detect caption 

area and text frame. The algorithm bases on thu [X"I" 

coefficients of MPEG. The computing cost is low. be- 

cause we use the information directly, without decoding, 

and only analyze 1 frames. If MPE(; sequences are only 
made of l-frames, we will detect I frame every other 15 
frames. The next effort will be using A/V objects in 
MPEG-d and the muhimedia content description interface 
in MPE(;-7 to hell) us detecting text area. 
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