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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 Transform(IT) 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.

L. INTRODUCTION

In [I], 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[2-7]. The major concern is that the integer
transform coefficients 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 data; i=0,1,2,3). Each of the
four blocks is passed to a corresponding Integer transform to
generate four 4x4 blocks of transform coefficients. These
four blecks of transform coefficients are combined to form a
single 8x8 block. This process introduces high
computational complexity as well as re-encoding errors. It
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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 1l presents the architecture of the proposed
compressed domain video transcoder, formulations of the
proposed operators and their integer approximations.
Experimental resuits are then given in Section III.  Finally,
some concluding remarks are provided in Section IV,
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Figure 2. Conventional approach for transcoding the
transformed coefficients in the pixel domain.

II. 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
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Figure 3. The proposed compressed domain video
transcoder for H.263 to H.264

In 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,

DCT(4)=A=TAT' H
where T is an 8x8 DCT matrix with entries t(i,}) given by
(2j+Vix

16
i represents the row index, j represents the column index and

1
ki)=4J2"
1,

The Integer Transform(IT) of a 4x4 block, B, can be defined
as

i, j)= %k(i)cos

i=0

otherwise,

I(B)=IBI'® (scaling factorl) (2)

where 1 is a 4x4 [T matrix given by
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for a=0.5, ,_ F and & represents the term by term
5

multiplication,
Similarly, the inverse transform is given by:

B’=J[I(B) & scaling factor2]J" (3)
where J is a 4x4 inverse [T matrix given by
1 1 1 05
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an ab b* ab B
scaling factor2 =
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ab b gb b?
025 0316 025 0316
3 0316 04 0316 04
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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 €y

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 S;; and S;, i.e., the pixel domain data
becomes,
data;=5; T'[DCT(A)]TS;;

fori=0,1,2,3  (5)
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and i represents the index of the 4 groups of the integer

transform coefficients,

Note that A is with a size of 8x8 and the integer transform
coefficients is 4x4. Therefore, one set of DCT coefficients
will give four sets of the integer transform coefficients.
Then we can apply the integer transform to the pixel domain
data, data;, We have

Integer transform coefficients ; =I(pixel domain data;)

I'® (scaling factor 1) (6)

Combining equations (4-6), we have
Integer transform coefficients {=I(S;; T'DCT(A)TS)I!
& (scaling factor 1) (7
Let us define the pre-computed operators, P;;=I*S; *T' and
Py=T*Sip* [,
Therefore, we have
Integer transform coefficients = P;*[DCT(A)]* P ®

(scaling factor 1) (8)
where
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Note that Py; and P,; can be pre-computed. Therefore, low
computational complexity can be achieved since the
transformation is done in the compressed domain. In other
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words, no complete decoding and re-encoding process are
required to obtain the integer transform coefficients from
DCT coefficients. ‘ '

in the above formulation, we have derived a set of

- operators to transcode the DCT coefficients to integer

transform coefficients. The major concern is that floating
point operations are more expensive to implement than
integer operations in low processing power devices.
Motivated by this, it is beneficial to make an approximation
form of the derived operators in the previous subsection, It
is obvious that we can multiply each of the proposed
operators by a large integer number such that the proposed
operators become integers. The resulting coefficients
should be scaled down by the same factor, 1f the factor is a
power of 2, the downscaling of the results can be done by
pure shifting. Furthermore, the shifting operations can also
be absorbed in the quantization process during the
transcoding; i.e. no extra operations are required in this
approximation process. Therefore, it is good to choose a
larger integer with power of 2 to achieve good accuracy. In
general, 32 bit arithmetic is the capability of most signal
processors. For DCT to integer transform conversion, the
DCT coefficients have a dynamic range of 4096(=256x16).
Hence a wordlength of 12 bits is required to represent it.
The maximum sum of absolute values of our proposed
operators is 6.44. So, the maximum dynamic range gain for
the 2D operator is 41.47(=6.44%) which requires 6 bits to
represent it.  The scaling factor for which we can select is
the square root of 232’6"2=27, i.e.128. Hence, the
approximation form of the proposed operators becomes:
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III. 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[ 1] and the integer approximation of operators in
the proposed videc 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 coefticients 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 transceding 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 frames/s.
H.263 was used as the front encoder for encoding
“Salesman”, “Miss_America”, “Hall”, “Tennis”, “Football”
and “Flower”.

Sequences |Input Quality Speed up ratio
bitrate degradation

Salesman 512k 0.05 8.2
(352x288) [256k 0.06 8.4
Miss_ 512k 0.09 7.9
America  [|256k 0.1 8.0
(352x288) :

Hall 512k 0.14 6.9
(352x288) 2356k 0.17 7.1
Tennis M 022 6.3
(352x240) |1.5Mm 0.27 6.4
Flower 3M 0.29 4.4
(352x240) |1.5M 0.32 4.5
Football |3M 0.33 3.6
(352x240) |1.5M 0.37 3.7
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