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ABSTRACT 
In this paper, a compressed domain video 

transcoder for H.263 to H.264 is proposed. The proposed 
video transcoder focuses on the conversion of DCT 
coefficients to Integer Transfom(1T) coefficients. A set of 
operators is derived for converting the DCT coefficients to 
integer transform coefficients in the compressed domain. 
Using these operators, the proposed architecture is able to 
transcode the DCT coefficients to the integer transform 
coefficients directly. The integer approximation of the 
operators is proposed to avoid the floating point 
implementation for the proposed transcoder. Experimental 
results show that the proposed video transcoder can reduce 
substantially the amount of computation and provide 
transcoded videos with similar quality as compared with 
those obtained from the conventional cascaded video 
transcoder. 

1. INTRODUCTION 
In [ l ] ,  we have proposed a motion vector 

decomposition algorithm to speed up the motion re- 
estimation during the H.263 to H.264 video transcoding 
process[2-71. The major concern is that the integer 
transform coeficients need to be re-computed[8]. In this 
paper, a new compressed domain video transcoder 
architecture is proposed to transcode the DCT coefficients to 
the integer transform coefficients in the compressed domain. 
Figure 1 shows a diagram of performing DCT coefficients 
to integer transform coefficients conversion for intra frame 
video transcoding. Figure 2 shows the conventional 
approach for transcoding the transformed coefficients in the 
pixel domain. The input is a block of 8x8 2D-DCT 
coefficients, A. An inverse DCT is applied to A to recover 
the 8x8 pixel block. The 8x8 pixel block is divided into 
four 4x4 blocks (pixel domain datai i=O,1,2,3). Each of the 
four blocks is passed to a corresponding Integer transform to 
generate four 4x4 blocks of transform coefficients. These 
four blocks of transform coefficients are combined to form a 
single 8x8 block. This process introduces high 
computational complexity as well as re-encoding errors. It 

is desired to perform the transcoding in the compressed 
domain to avoid the complete decoding and re-encoding 
process. Motivated by these problems, two sets of operators 
are derived to transcode the DCT coefficients to Integer 
transform coefficients. Since the operators contain floating 
point implementation, an integer approximation form of 
operators are derived for easy implementation. 

The organization of this paper is as follows. 
Section I I  presents the architecture of the proposed 
compressed domain video transcoder, formulations of the 
proposed operators and their integer approximations. 
Experimental results are then given in Section 111. Finally, 
some concluding remarks are provided in Section IV. 

1 I I W U U  
Figure 1. Intra block transcoding from H.263 to H.264/AVC 

cocfficients, 

Inverse DCT 

Pixel domain 

Figure 2, Conventional approach for transcoding the 
transformed coefficients in the pixel domain. 

11. COMPRESSED DOMAIN VIDEO TRANSCODER 
FOR H.263 TO H.264 

The architecture of the proposed transcoder is as 
shown in Figure 3. The video transcoder performs an 
entropy decoding to extract the header information, coding 
mode, motion vectors and quantized DCT coefficients from 
the incoming bitstream. The motion vector information will 
be used to speed up the motion vector re-estimation process. 
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For intra mode video transcoding, the DCT coefficients will 
be transcoded into the integer transform coefficients directly 
in the compressed domain using the proposed operators. 
For low processing power devices, integer approximation 
form of the operator will be activated for easy 
implementation. 
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Figure 3. The proposed compressed domain video 
transcoder for H.263 to H.264 

fn Figure 2, we have shown that high 
computational complexity is required for transcoding the 
DCT coefficients to integer transform coefficients in the 
previous section. In this section, we construct some 
operators and reuse the incoming DCT coefficients such that 
we can transcode the integer transform coefficients in the 
compressed domain to reduce the computational complexity 
and re-encoding error. Let us recall the definition of 2D- 
DCT of an 8x8 block, A, as shown below, 

where T is an 8x8 DCT matrix with entries t( i j)  given by 
DCT(A) = A = TAT' (1) 

1 (2j + 1 ) h  
2 16 

t ( i , j )  = --k(i)cos 

i represents the row index, j represents the column index and 

i = O  

otherwise. 

The Integer Transfom(1T) of a 4x4 block, E, can be defined 
as 

I(B)=IBI'@ (scaling factor11 (2) 

where 1 is a 4x4 IT matrix given by 

I =  
2 1 - 1  -2 
1 -1 -1  1 
1 - 2  2 -1 

[ a2 ab/2 
ab12 b2 I 4  

a2 ab12 
scaling factor1 = 

l o b i 2  b ' / 4  

0.25 0.158 

0.158 0.1 
0.25 0.158 

0.158 0.1 

for a=0.5, b= - and @ represents the term by term 

multiplication. 
Similarly, the inverse transform is given by: 

B'=J[I(B) @ scaling factor21J' 

where J is a 4x4 inverse IT matrix given by 

1 0.5 -1 

a 2  ab a' at 
ab 6' ab b2 
a2 ab u2 at i ab b2  ub b2 

and 
scaling factor2 = 

(3) 

0.25 0.316 0.25 0.316 
0.316 0.4 0.316 0.4 
0.25 0.316 0.25 0.316 

0.316 0.4 0.316 0.4 
In the following, we will derive a set of equations to 
transform the DCT coefficients, DCT(A), into the integer 
transform coefficients directly in the compressed domain. 
A similar formulation can be obtained for transcoding the 
integer transform coefficients to DCT coefficients. 
Applying the inverse DCT to the DCT coefficients, 
DCT(A), we have pixel domain data, 

data=T'[DCT(A)]T (4) 
In order to satisfy the H.264 format, let us divide this 
reconstructed result into four groups. These four groups of 
data in the pixel domain can be extracted by using the 
proposed operators Si, and Siz, i.e., the pixel domain data 
becomes, 

data;=SiITt[DCT(A)]TSi2 

for i=O,1,2,3 (5) 
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where T 
SO) = S I ,  =so* = S I 2  = 

10 0 0 1 0  0 0 0J 

~ 0 0 0 0 1 0 0 0 1  

0 1 0 0 0 0 0 0 ,  
0 0 1 0 0 0 0 0  

T 0 0 0 0 0 1 0 0  
S2) = s3, = $,* = s32 = I o o o o o o 1 o l  

plo1=pII I = 

0 -14 0 93 181 139 0 -68 
0 15 20 -12 0 133 285 253 7 0 118 285 228 0 - 1 1 1  - 2 0  

181 164 0 - 5 8  0 38 0 

Note that PI; and P2i can be pre-computed. Therefore, low 
computational complexity can be achieved since the 
transformation is done in the compressed domain. In other 

P20=P22= 
1.4142 0 0 0 - 
1.2815 0.9236 -0.1056 0.1169 

0 2.2304 0 0.1585 
-0.45W 1.7799 0.7259 -0.0922 

0 0 1.4142 0 
0.3007 -0.8638 1.0864 1.0379 

0 -0.1585 0 2.2304 
-0.2549 0.4824 -0.5308 1.9750 

0 15 -20 -12 0 133 -285 2531 

164 118 -14 15 

and P~~ I =pU I = 

0 285 0 20 
-58 228 93 -12 

0 0 181 0 
38 -111 139 133 
0 -20 0 285 

- 3 3  62 -68 253 
181 0 0 0 

-164 118 14 15 
0 -285 0 -20 
58 228 -93 -12 
0 0 181 0 

-38 - 1 1 1  -139 133 
0 20 0 -285 

33 62 68 253 
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111. EXPERIMENTAL RESULTS 
Extensive simulations have been done with 

reference to a cascaded pixel-domain transcoder. These 
experiments have been performed to evaluate the overall 
efficiency of the proposed compressed domain video 
transcoding for H.263 to H.264. The cascaded transcoder 
was implemented using an H.263 video codec and an H.264 
video codec. In the front encoder, the first frame of a 
sample sequence was encoded as an intraframe (I-frame), 
and the remaining frames were encoded as interframes (P- 
frames). Results of our experimental work show that the 
proposed video transcoders outperform the conventional 
cascaded video transcoder in terms of computational 
complexity as shown in Table 1 .  Quality degradation is 
used to indicate the case using the approximation of DCT 
coefficients[ 11 and the integer approximation of operators in 
the proposed video transcoder as compared with the 
conventional cascaded video transcoder. The speed up 
ratio is defined as the time for transcoding integer transform 
coefficients using the proposed transcoder with the 
approximation of DCT coefficients as compared with the 
time for conventional cascaded video transcoder. 
Theoretically, the speed up ratio for transcoding the DCT 
coefficients to Integer transform coefficients is about 2.8 
times. Since our proposed operators have many zero values, 
3.15 times speed up ratio can be achieved when these 
redundant operations are eliminated. If the approximation 
of DCT coefficients is used, the proposed video transcoding 
architecture can achieve a speed up of about 3.6 to 8.4 times 
for transcoding the DCT coefficients to integer transform 
coefficients. The results are more significant for sequences 
with low motion activities using the approximation form of 
the DCT coefficients for fast computation since only a few 
DCT coefficients are needed to be transcoded. 

IV. CONCLUSION 
In this paper, a new compressed domain video 

transcoder for H.263 to H.264 is proposed. We have 
derived two sets of operators to transcode the DCT 
coefficients into integer transform coefficients in the 
compressed domain. The integer approximation of the 
operators is  proposed to avoid the floating point 
implementation for the proposed transcoder. The proposed 
architecture can combine with any existing fast searching 
algorithm for multiple reference frames and variable block 
sizes estimation to speed up the transcoding process, 
Results of our experimental work show that the proposed 
architecture produces similar pictures quality with low 
computational complexity as compared with the 
conventional video transcoder. 
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Table 1 .  Performance of the proposed transcoder, where the 
frame rate of the incoming bitstream was 30 framesls. 
H.263 was used as the front encoder for encoding 
“Salesman”, “MissAmerica”, “Wall”, “Tennis”, “Football” 
and “Flower”. 

bitrate degradation 
5 12k 0.05 8.2 
25hk 0.06 8 4  

ISequences llnput IQuality ISpeed up ratio 1 

, 

Miss- 
America 
(352x288) 

-. ... -. . 

512k 0.09 7.9 
256k 0.1 8.0 

. ._  

Tennis 13M 10.22 16.3 I 
K352~240) 11 .SM In 77 I 

, - . - . . - 0.32 4.5 
Football 3M 0.33 3.6 
(352x240) 1.5M 0.37 3.7 
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