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Abstract — This paper presents an MPEG-2 to H.264 

intra frame video transcoder. The DCT coefficients gathered 
from the MPEG-2 process are used to estimate the directional 
features in a picture. The estimated directional features are 
then used to compute the intra prediction modes in the H.264 
encoding stage. The INTRA16x16 vs. INTRA4x4 MB coding 
mode decision is made based on the variance of the DC 
coefficients of the 8x8 DCT blocks in the input MPEG-2 video. 
The proposed approach completely avoids the MB mode and 
prediction mode computations in the H.264 encoding stage, 
there by reducing the transcoder complexity substantially. The 
results show that our approach results in over 30% drop in 
the intra frame encoding time with a negligible drop in PSNR. 
A comparison with a cascaded reference transcoder is 
presented.1 
 

Index Terms — H.264 transcoding, MPEG-2 
transcoding, DCT domain, directional features, edge 
angle.  

I. INTRODUCTION 
The wide use of the MPEG-2 video today and the expected 

adoption of H.264 creates a need for tools and techniques for 
MPEG-2 to H.264 video transcoding. Video transcoding 
discussed in this paper is the process of converting video in 
the MPEG-2 format to the H.264 format. The obvious way of 
achieving this is using an MPEG-2 decoder followed by an 
H.264 encoder. This approach represents the upper bound on 
transcoding complexity as well as the video quality. The key 
issues in video transcoding are minimizing the complexity 
while maximizing the quality [1]. Reduced complexity 
transcoding is necessary when resources are limited or when 
real-time/high-density transcoding is desired. Complexity 
reduction can be usually achieved by reusing the information 
gathered in the decoding stage of the transcoder. 

There is relatively small amount of published literature on 
MPEG-2 to H.264 video transcoding. Chen et. al. present an 
MPEG-2 to H.264 video transcoder with operations is the 
transform domain [2]. A matrix multiplication based approach 
is developed to convert the MPEG-2 DCT coefficients to the 
H.264 transform coefficients. The paper does not discuss the 
issues of intra MB mode and the MB prediction mode 
selection. 
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Lu et. al. present a fast mode decision focusing on MPEG-2 
to H.264 transcoding [3]. This approach is based on reducing 
the mode estimation complexity by selectively evaluating the 
prediction modes. INTRA16x16 mode is evaluated fully, and 
based on the cost of the INTRA16x16 block, the INTRA4x4 
mode complexity is reduced by reducing the number of modes 
evaluated. 

Su et. al. reported a transform domain transcoder for 
MPEG-2 to H.264 transcoding [4]. Motion vector reuse for 
fast inter mode prediction was presented in [5] and [6]. 

The transcoding work that has been reported focuses on 
MB mode mapping to reduce the complexity. Estimating the 
intra prediction directions has not addressed. Since obtaining 
the right directional predictor is essential for improving the 
prediction efficiency, selective mode evaluation based 
approaches can lead to sub-optimal performance. Our 
approach is not to reduce the number of prediction modes 
evaluated but to find a solution that can determine the right 
prediction mode without performing any mode evaluations. 
Such an approach will lead to low complexity intra transcoder. 

In this paper we present an innovative approach to intra MB 
mode and intra prediction mode computation using the DCT 
coefficients gathered from the MPEG-2 process. Our approach 
relies on estimating the directional features in the input 
MPEG-2 video using the DCT coefficients and the properties 
of the DCT transforms to estimate MB mode and MB 
prediction mode. Unlike the other transcoding approaches that 
have appeared in the literature, our approach completely 
avoids the MB mode and prediction mode computations there 
by reducing the complexity substantially. The proposed 
approach also estimates the optimal prediction mode, again, 
without evaluating any modes in the H.264 encoder. Our 
earlier work presented the mode estimation and DCT 
transformation tools needed for the direct mode mapping [7]. 

This paper is organized as follows. Section II presents the 
complexity reduction tools developed for MPEG-2 to H.264 
transcoding. Section III discusses threshold design for MB 
mode estimation, the results and discussion is presented in 
Section IV. Conclusions are presented in Section V. 

II. COMPLEXITY REDUCTION TOOLS 
The proposed approach to complexity reduction uses the 

MPEG-2 DCT coefficients to estimate the MB coding modes 
and the best MB prediction modes. Figure 1 shows the block 
diagram of the proposed reduced complexity intra frame 
transcoder. The transcoder is comprised of an MPEG-2 
decoding stage followed by the H.264 encoding stage. The 
subsystem shown in the shaded rectangle corresponds to a 
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reference transcoder that performs MPEG-2 decoding 
followed by a full H.264 encoding stage. Complexity 
reduction is achieved by adding MB mode and MB prediction 
mode estimation modules. The DCT coefficients gathered in 
the MPEG-2 decoding stage are used to estimate the MB 
modes and MB prediction modes. The complexity reduction 
tools used to estimate the modes are described briefly in this 
section.  
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Reduced Complexity Transcoder 

A. MB Mode Estimation 
The sum of absolute differences (SAD) of predicted and 

original blocks is typically used to determine the optimal 
block size (mode) for intra MB coding. An intra MB is coded 
as either a group of 4x4 blocks or a single 16x16 block (or 
8x8 blocks with FRExt extensions to the H.264 standard). 
There is a correlation among the activity within a MB, 
required quantization, and mode estimation and such a 
correlation can be exploited to determine the MB coding 
mode. These interdependencies are discussed Section III. 
Intensity variance in the spatial domain has been widely used 
as a metric for measuring activity within a region of an image. 
Variance of the pixels in the spatial and frequency domain is 
directly related and variance is good measure of the activity 
with in a block. Using the variance of DCT coefficients as a 
metric for a video segmentation between more and less active 
regions of an image has been reported in [8].  

The variance of a 16x16 block is strongly correlated with 
the variance of its non-overlapping 8x8 sub-blocks. Since the 
MPEG-2 decoding stage yields the DCT coefficients of 8x8 
blocks, variance of four adjacent blocks can be used to 
determine the MB coding mode. A variance threshold is 
determined as a function of the selected H.264 quantization 
parameter. If the estimated variance of the 16x16 block is less 
than a threshold, then the MB is coded in INTRA16x16 mode; 
otherwise the MB is coded in INTRA4x4 mode. The process 
of determining the variance thresholds is discussed in Section 
III. 

B. Prediction Mode Estimation 
  Prediction mode estimation is based on estimating the 

directional features of the image blocks in the DCT domain. 
The DCT coefficients of the 8x8 blocks gathered during the 
MPEG-2 decoding stage are used. The DCT coefficients have 

been used for analyzing image and videos in the compressed 
domain [9], including edge detection [10] and scene change 
detection [10]. 

 Figure 2 shows the edge model used for computing the 
directional feature and the prediction directions in H.264. It 
has been shown that the ratio of vertical energy to the 
horizontal energy gives the tangent of the ideal edge passing 
through the center of the block [10][12]. Let   

( , )F u v represent the DCT coefficients of an 8x8 block 
obtained during the MPEG-2 decoding stage. The edge angle, 
mean, and variance can be obtained in the DCT domain using 
equations (1)–(3). 
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Fig. 2. Edge orientation in an 8x8 block (left) and H.264 intra 

prediction modes (right) 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Edge orientation in the 8x8 sub-blocks of a macro block and the 

estimated edge angle 
 
The prediction mode estimation is based on the hypothesis 

that the edge orientation gives the direction of minimum 
energy variance within a block and hence can be mapped to an 
intra prediction mode. Figure 3 shows the prediction 
directions in 8x8 blocks overlaid on an actual image. The 
figure clearly shows that the prediction direction estimates 
closely correspond to the directional features in an image and 
the estimated directional features can be used to determine the 
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intra prediction modes. Once the MB mode decision is made 
based on the block variance and the quantization parameter, 
the edge angle computed is used to estimate the prediction 
modes. The angle with a 10° window is used to map a 
direction to the prediction mode; i.e, orientation with 5° on 
either side of a H.264 prediction direction is mapped to that 
prediction mode.   

While mode decisions are needed for 4x4 and 16x16 
blocks, only the DCT coefficients of 8x8 blocks are available 
from the MPEG-2 decoding stage. These 8x8 DCT blocks can 
be used directly to estimate INTRA8x8 modes. Estimating 
INTRA16x16 and INTRA4x4 modes requires an additional 
tool to transform 8x8 DCT coefficients into desired 16x16 and 
4x4 DCT coefficients. 

C. DCT Block Splitting and Recombination 
While the 16x16 and 4x4 prediction modes can be 

estimated based on the 8x8 MPEG-2 DCT coefficients, the 
accuracy can be improved if 4x4 or 16x16 DCT coefficients 
are available. Computing the 16x16 and 4x4 DCT coefficients 
after applying IDCT to the 8x8 DCT blocks is 
computationally expensive. We developed an approach based 
on DCT matrix transformations for DCT block combination 
and splitting. Our approach is simple and is based on the fact 
that the DCT transform matrix is orthonormal and separable; 
i.e., the transform can be represented as TCXCX =~ , where 
X is an image of size 

1 2
N N× , X%  is DCT transform of X , and 

C is cosine matrix. For MPEG-2 video, 1 2 8N N= = and an 
8x8 DCT is used. 

Deriving four 4x4 DCT blocks from a given 8x8 DCT 
block is described below. Full details including combining four 
8x8 blocks into a 16x16 DCT block is described in [7]. Let 

8 8xX%  denote an 8 x 8 block of horizontal and vertical frequency 
coefficients, 8 8xC  is cosine transformation matrix for block of 
size 8 x 8 and 4 4xC is cosine transformation matrix for blocks 4 

x 4. The resulting DCT coefficients, mn
xX 44

~
, are obtained using 

equation (4).  

 

Since 8 8xC  and 4 4xC are constant cosine matrices, they can 
be replaced with a new constant matrix 8 8xT shown in equation 
(5). As a result, transformation in equation (4) can be rewritten 
as shown in equation (6). 

The complexity of using block splitting for estimating the 
directions in 4x4 blocks is rather low. The transformation 
matrix 8 8xT  has five non-zero elements per row. Prediction 
mode estimation described in section II.B requires only the 

first row and first column of 4x4 DCT blocks. In addition to 
this, taking advantage of the symmetry of the transform matrix 
reduces the computation to 288 additions and 100 
multiplications for each 8x8 block. The complexity of intra 
mode estimation for the four 4x4 blocks of an 8x8 block 
requires 2096 additions, 596 shift operations, and 12 
multiplications. Assuming the cost of addition and shift 
operations is 1 cycle and the multiplication is 10 cycles, the 
exhaustive mode estimation takes 2704 cycles. The block 
splitting approach requires 1288 cycles for block splitting and 
another 100 cycles of computation for mode estimation which 
represents about 50% savings compared to the exhaustive 
intra mode prediction. The computational savings are even 
higher when INTRA8x8 is used since we do not need DCT 
block transformations to determine prediction directions for 
INTRA8x8 MBs. 

III. DESIGNING THRESHOLDS FOR MB MODE ESTIMATION 
The variance of pixel intensities in a 16x16 block gives a 

measure of the energy in the block. A block with large amount 
of detail has a larger variance and is more suitable for Intra 
4x4 coding. However, with larger quantization, the details are 
lost during quantization and inverse quantization. The 
quantizer also has an impact on the bitrate. For larger 
quantizers, the differences between the neighboring pixels are 
lost in the de-quantized block because of the large 
quantization step size; the block thus becomes uniform after 
de-quantization. Larger quantizers can still maintain the 
differences among the neighboring pixels only when the pixel 
values differ substantially, i.e., variance is high. Smaller 
quantizers, however, maintain the differences among the 
neighboring pixels after de-quantization. This results in 4x4 
blocks performing better with lower quantizers and 16x16 
blocks performing better with higher quantizers. The key is to 
determine variance thresholds that can identify an intra MB 
mode. The threshold should also change depending on the 
quantizer used; i.e., a variable threshold that is a function of 
the quantizer has to be derived.  

  
  The thresholds were experimentally determined using 

Football, Foreman, and Flower sequences. These three 
sequences represent the content with high, medium, and low 
activity. This set of sequences were encoder at all allowed 
quantization parameters (QP) in H.264 (0-51) and for each QP 
a threshold is selected such that the threshold based MB mode 
decision would minimize the mode mismatches when 
compared with the modes determined by the encoder. Figure 4 
shows an example of threshold determination. The figure 
shows a plot of the variance of the MPEG-2 DC coefficient of 
8x8 blocks vs. the MB mode. For this particular example, 
majority of the blocks are codes as INTRA4x4. The range of 
variance of the MBs for INTRA4x4 and INTRA16x16 
overlap as shown in the figure; i.e., there are certain number 
of MBs in a frame with variances that can fall in to the 16x16 
or 4x4 class. A threshold is selected such that the mismatches 
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in each MB coding mode are minimized; i.e., the selected 
threshold results in fewest number of incorrectly classified 
MBs.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Variance threshold to classify an Intra MB 
 
A. Selecting a Threshold Metric 
The level of activity in a MB that influences the MB coding 

mode the most can be estimated using a number of different 
metrics. A metric has to be selected such that the number of 
correctly classified MBs is maximized. We have experimented 
with a several metrics to find a suitable metric for MB mode 
estimation. The metrics evaluated are: 

 
Metric 1: variance of AC coefficients of 8x8 blocks.  
Metric 2: spatial domain variance of 16x16 block. 
Metric 3: variance of DC coefficients of 8x8 blocks. 
Metric 7: variance of DC and AC coefficients of 8x8 blocks 
Metric 9: maximum variance of 4 8x8 blocks. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.  Mode estimation accuracy of variance metrics  
 
Metric 2, the variance of 16x16 pixel block computed in the 

spatial domain serves as a baseline. The goal is approximate 
this metric using DCT domain information in the incoming 
MPEG-2 compressed video. A threshold was selected for each 
of the metrics as described in the previous section and MB 
mode was determined based on the thresholds for each QP. 
Figure 5 shows the plot of correctly estimated MB modes 
across the QP range when using different metrics for the 
Football sequence at CIF resolution with 396 MBs per frame. 
As shown in Figure 5, Metric 3, the variance of the DC 

coefficients of 8x8 blocks performs the best and MB mode is 
estimated in the proposed transcoder based on this metric. 
Metric 3 also closely approximates the pixel domain variance 
which is a true indication of the activity in an MB. Using 
Metric 3 results in the classification of more than 75% of the 
MB modes correctly. Figure 6 shows the Metric 3 thresholds 
for the QP range. This QP-threshold function together with 
the variance of the DC coefficients of the 8x8 blocks in a MB 
are used to quickly determine the H.264 MB coding mode in 
the transcoder. The MB mode evaluation process is thus 
reduced to the computation of the variance of 4 integers 
followed by a threshold comparison. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.  QP-threshold function for Metric 3 
 
The QP-threshold function shown in Figure 6 was used to 

compute the MB modes of the Flower, Foreman, and Football 
sequences at CIF resolution and encoded as MPEG-2 I frames 
only sequences using the default MPEG-2 intra quantizer. 
Figure 7 shows the number of correctly estimated MB modes 
across the QP range for frame 30 in all the sequences. For all 
cases, over 75% of the MBs are classified correctly. The 
accuracy of the mode estimation drops around QP 40 and this 
corresponds to the variance range overlap. The overall 
accuracy is always over 75%.  
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Fig. 7. Number of correctly estimated blocks in one frame using the 

threshold from Figure 6 for various sequences 
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Figure 8 shows the MB mode decisions for the luma 
component of frame 30 of the Football sequence made using 
the reference transcoder and the proposed transcoder with a 
H.264 QP of 35. The overlaid 4x4 grid corresponds to 
INTRA4x4 MB and a 16x16 square corresponds to an 
INTRA16x16 MB. As shown in the figure, the proposed 
approach closely matches the optimal MB modes as 
determined by the reference transcoder. The small number of 
mismatches does not have any significant impact on the 
quality of the transcoded video. The reduction in 
computational costs, however, is substantial. 

IV. RESULTS AND DISCUSSION 
The experiments are conducted with JM8.5 and the H.264 

baseline profile. The times reported are for the transcoder 
running on a Pentium-4 PC at 2.6 GHz and 512 MB RAM. 
The executables are compiled with the Intel Compiler. The 
encoder was configured to encode all frames as H.264 intra 
frames with a constant quantizer. The equivalent MPEG-2 
video bitstream at the input of the transcoder uses the default 
intra quantization matrix to quantize the DCT blocks. The RD 
optimization was disabled in the H.264 encoding stage. The 
H.264 encoder uses SAD to decide the optimal block size for 
intra MB coding. The reference transcoder determines the MB 
modes and MB prediction modes by performing an exhaustive 
evaluation of all the modes and prediction directions. The 
proposed transcoder first determines the MB coding mode 
based on the variance thresholds and then computes the 
prediction mode using the directional features of the MB. 

 
The MB mode decisions are made based on a variance 

threshold that is a function of the QP used. The thresholds are 
based on the variance and are hence sequence independent. 
Figures 9-11 show the rate distortion curves for the reference 
and proposed transcoders with Football, Foreman, and Flower 
sequences. The proposed transcoder has an RD curve almost 
identical to the reference transcoder but with a substantial 
drop in computation. The average PSNR drop is less than 0.1 
dB at the same bitrate. 
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Fig. 9.  RD performance of the reference and the proposed transcoder 

for the Football sequence 
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Fig. 10.  RD performance of the reference and the proposed transcoder 

for the Flower sequence 
 

Fig. 8.  MB Mode computation using the (a) reference transcoder and (b) the proposed transcoder 
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Fig. 11.  RD performance of the reference and the proposed transcoder 

for the Foreman sequence 
 
The MPEG-2 decoding stage is the same for the reference 

and proposed transcoder. For the H.264 transcoding stage, the 
proposed transcoder reduces the complexity by over 30% on 
average. This reduction is for the full H.264 encoding stage. 
The reduction for intra coding component is over 50%. 

 

V. CONCLUSION 
This paper presented algorithms and tools for MB mode 

estimation in MPEG-2 to H.264 intra MB transcoding. The 
proposed method reduces complexity by over 30% with 
negligible loss in RD performance. The complexity reduction 
is achieved by reducing the MB coding mode evaluation to a 
classification problem and performing the classification based 
on the variance of the DC coefficients in 8x8 intra blocks in 
MPEG-2. The proposed mode estimation resulted in over 75% 
match in MB mode estimation. Once the mode has been 
determined, the prediction mode is determined using the 
directional features extracted directly from the DCT 
coefficients.  Our results indicate that the proposed transcoder 
results in an RD performance very close to the reference 
transcoder with substantial drop in the computational 
complexity.  
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