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ABSTRACT 
Transcoding is a very effective method for universal media 
adaptation. Spatial resolution downscaling is one of the most 
popular transcoding applications. Although a number of 
transcoding methods have been proposed in the past years, they 
are not very suitable for the most up-to-date H.264/AVC 
standard due to its many new features. In this paper, a coding 
mode mapping method is proposed for H.264/AVC spatial 
downscaling transcoding. Different from the traditional schemes, 
the proposed method is focused on the mode decision part, 
which plays a key role in H.264/AVC video encoding. The 
mapping scheme is exploited based on the statistics and analysis 
that reveals the inherent relationship between the frames having 
the same content but with different spatial resolutions.  
 

1. INTRODUCTION 
 
Recently, Universal Multimedia Access (UMA) has 
become a very promising research topic with the main 
objective of enabling clients with limited communication, 
processing, storage and display capabilities to access rich 
multimedia content. Due to the expansion and diversity of 
multimedia applications and the current communication 
infrastructure comprised of different underlying networks 
and protocols, there has been a growing need to perform 
video transcoding to accommodate network limitations 
and terminal constraints [1]. Spatial resolution 
downscaling transcoding is revealed to be one of the most 
popular transcoding applications, because it solves the 
common problem of mobile terminals with small screen to, 
for example, access DVD or other large spatial resolution 
multimedia streams.  

In the past years, several papers have addressed the 
problem of spatial downscaling transcoding [2]~[7]. In the 
literature, there are two major transcoding architectures: 
cascaded pixel-domain transcoder (CPDT) [1, 8] and 
DCT-domain transcoder (DDT) [9]. Due to its flexibility 
and drift free, CPDT is mostly adopted in spatial 
downscaling transcoding. The previous researches mainly 
dealt with motion vectors mapping [4] or motion vectors 
refinement [5], DCT domain down conversion [2], drift 
error [6], and error resilience [7]. All these methods are 
based on the standards of MPEG and H.26x series. Motion 

compensation in the standard such as MPEG-2 and H.263 
is based on blocks with constant block size. Therefore, 
motion vector manipulation and DCT-domain down-
sampling for transcoding based on these standards are 
very easy to be implemented.  

However, the traditional transcoding schemes may be 
unsuitable for the most up-to-date H.264/AVC standard 
[10], because it employs variable block-size motion 
compensation and directional spatial prediction for intra 
coding so as to achieve high coding efficiency. To select 
the best coding mode, the H.264/AVC encoder usually try 
every possible mode for each macroblock. This procedure 
is computational complex, and therefore against the 
general purpose of transcoding. As a consequence, how to 
fast and efficiently estimate the mode of each macroblock 
is the new problem that other standards never encountered. 
To tackle this problem, we propose a mode-mapping 
method for spatial down-scaling transcoding, which 
explores and utilizes the pre-encoded mode information in 
the H.264/AVC bitstreams.  

The rest of this paper is organized as follows. In 
Section 2, firstly we analyze the problem of H.264/AVC 
transcoding, and therefore we propose a new transcoding 
architecture. In section 3, we present the detailed 
algorithms of mode mapping, including both the simple 
mode mapping and the improved method by taken into 
account motion vectors. Experimental results showing the 
effectiveness of the proposed mode-mapping method is 
presented in section 4. Finally, Section 5 concludes this 
paper. 

 
2. TRANSCODING ARCHITECTURE 

 
Compared to prior video coding methods, H.264/AVC 
employs many new features, such as variable block-size 
motion compensation with small block sizes, quarter 
sample accurate motion compensation, motion vectors 
over picture boundaries, multiple reference picture motion 
compensation, weighted prediction, improved skipped and 
direct motion reference, directional spatial prediction for 
intra coding [11]. These entire enable H.264/AVC achieve 
high coding efficiency at the cost of computational 
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complexity. For example, H.264/AVC employs 
directional spatial prediction for intra coding and variable 
block-size motion compensation with small block sizes for 
inter coding. This means that each macroblock of Intra (I) 
frames can either select 16x16 or 4x4 mode. If 4x4 mode 
is selected, there are 9 direction options to be chosen 
further. For Predictive-coded (P) frames, in addition to the 
previous intra modes, more inter modes have been defined. 
Concretely, the macroblock can be partitioned into 16x8, 
8x16 and 8x8 blocks for motion compensation, and 8x8 
block can be further partitioned into 8x4, 4x8 and 4x4 
sub-blocks. And also, H.264/AVC supports skip mode for 
P frames. To select the best mode for each block, 
H.264/AVC employs Rate-Distortion Optimization (RDO) 
scheme expressed as follows [13]:  

RDJ λ+= ,   (1) 
where D and R denote the distortion and rate, respectively, 
and λ is the Lagarange parameter. The target of RDO is to 
select the mode that results in the minimum coding cost J.  

Therefore, the encoder must try every candidate mode 
in mode selection. The quarter-sample resolution motion 
estimation makes it much more computational complex. 
Intuitively, if we can achieve the mode information of 
each macroblock without looping every candidate mode, 
the complexity can be greatly reduced. Fig.1 illustrates the 
comparison of time cost of encoding foreman sequence 
with and without the mode information of each 
macroblock. Although the prediction direction for Intra 
4x4 (I4x4) mode and the sub-mode for Predictive 8x8 
(P8x8) mode still have to be further searched, the 
encoding process with coding mode pre-selected can still 
save about 50% time cost. 
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Fig.1 Time cost comparison of encoding foreman sequence with 
and without the mode information of each macroblock.The 
general problem of spatial downscaling is shown in Fig. 2, 
where MB1, MB2, MB3 and MB4 are the four original 
macroblocks, and MB is the corresponding downsized 
macroblock. There is some correlation between the four 
modes of the original macroblocks and the mode of the 
corresponding downsized macroblock. Fig. 3 shows an 
example of the mode distribution of I frame and P frame 
in foreman CIF and QCIF sequences, respectively. The 
number in the figure represents the mode of its located 
macroblock, with the white and colored grids representing 
the inter mode and intra mode, respectively. Based on the 

statistics of the relationship, we propose a mode mapping 
method to estimate the mode of the downsized 
macroblock in terms of the information of the pre-encoded 
four macroblocks. 
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Fig. 3. Coding model distribution for I frame and P frame of 
foreman sequence. (a) I frame of the 1st picture, CIF; (b) I frame 
of the 1st picture, QCIF; (c) P frame of the 2nd picture, CIF; and 
(d) P frame of the 2nd picture, QCIF. 
 

The architecture of the proposed transcoder is shown in 
Fig. 4. Basically, the proposed scheme is a kind of CPDT 
transcoder. After Variable Length Decoding (VLD) is 
performed, the coding mode information is extracted as 
the input of mode mapping so that the mode of the down 
conversed macroblock can be estimated. The estimated 
mode will instruct the encoding process. We denote the 
first scheme as simple mode mapping. In this scheme, 
only the coding mode of the input MB is used. In other 
words, we only estimate the MB mode while the sub-
mode of P8x8 mode and the predictive direction for I4x4 
are not concerned. 

Then, in the second scheme, we take into account 
motion vectors to further reduce the complexity of the 
transcoder. In this scheme, motion vectors are considered 
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as one major factor for mode decision, in which the sub-
mode of P8x8 mode can be estimated as well. 
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Fig. 4. Transcoding architecture with mode mapping. 
 

We take a cascaded decoder-encoder scheme as 
comparison to the two proposed mode-mapping methods. 
For CIF-to-QCIF downscaling, 16x16 macroblock can be 
directly mapped into 8x8 blocks, as indicated in [12], and 
in addition, 8x8 mode can be mapped into 4x4 sub-mode. 
Fig. 5 shows the direct mode-mapping scheme, in which a 
16x16 macroblock coding mode is mapped into an 8x8 
sub-mode. The decision of the final coding mode of a 
macroblock will be further explained in the next section.  
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Fig. 5. Illustration of the direct coding mode mapping. 
 

3. MODE-MAPPING ALGORITHMS 
 

3.1 Simple Mode Mapping Method 
As mentioned above, the simple mode-mapping scheme 
only uses the mode information of the four pre-encoded 
macroblocks to estimate the mode of the corresponding 
macroblock in the transcoded bitstream. Concretely, this 
mode decision algorithm is composed of two parts for 
both I and P frames. The following paragraphs first 
present the mode decision of I frames transcoding, and 
then present P frames in detail.  

For the I frame coding, I4x4 mode is usually used for 
coding the details in the frame. Therefore, if there are 
more than one macroblocks of the four pre-encoded 
macroblocks coded with I4x4 mode, the mode of the 

corresponding macroblock in the downsized frame is 
selected as I4x4; it is selected as Intra 16x16 (I16x16). 

For the P frame coding, there are much more coding 
modes that must be taken into account. The detailed 
implementation of the proposed algorithm is presented as 
bellow: 

 If the coding modes of the four pre-encoded 
macroblocks are all Intra-16x16, the mode of the 
corresponding macroblock in the downsized 
frame is also selected as I16x16;  

 If more than one MBs are intra mode, the mode of 
the corresponding MB in the downsized frame is 
decided as I4x4; 

 If more than three of the four pre-encoded 
macroblocks correspond to Predictive 16x16 
(P16x16) or skip mode, the mode of the 
corresponding macroblock in the downsized 
frame is selected as P16x16; otherwise, it is 
selected as P8x8. If P8x8 mode is selected, the 
four sub-modes are decided according to the four 
modes of their corresponding MBs the same as 
direct-8x8 mode decision algorithm. 

 
3.2 Mode Mapping with Motion Vectors 
 
In the above simple mode-mapping scheme, Predictive 
16x8 (P16x8) and Predictive 8x16 (P8x16) are not utilized. 
Some macroblocks with P8x8 modes might also be 
processed in RDO. To improve the previous simple mode-
mapping method, motion vectors are taken into account, 
and the sub-modes for the P8x8 marcoblock are estimated 
as well.  

The described algorithm performs the same processes 
as the previous simple mode mappoing, except that P8x8 
mode is selected. If P8x8 mode is selected, then the 
distances of motion vectors of the input four macroblocks 
are calculated. To make the mode-mapping algorithm 
more efficient, a bottom-up block-merging algorithm 
similar to the method proposed in [14] is applied as 
follows: 

If all of the distances of motion vectors between the 
neighboring macroblocks among {MB1, MB2, MB3, 
MB4} are less than a threshold TH, Inter 16x16 mode is 
selected; else if both the distance between MB1 and MB3 
and the distance between MB2 and MB4 are less than TH, 
Inter 16x8 mode is selected; else Inter 8x8 is selected; else 
Inter 8x16 mode is selected; 
 

4. EXPERIMENTAL RESULTS 
 

In this section, we present some experimental results to 
compare the different mode decision methods in 
H.264/AVC video transcoding. To remove the effects of 
different motion vector manipulation techniques and the 
DCT-domain downsampling, we employ the cascaded 
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decoder-encoder architecture. The experiments are 
performed with the H.264/AVC reference software JM 7.3. 
The hardware platform is a PC with the processor of Intel 
2.0 GHz, 256 MB RAM. In the experiments, the input is 
the bitstream with CIF format at 1024kbps, and the output 
is the bitstream with QCIF format at various bit rates from 
64kbps to 384kbps. Sequences of Foreman, Mobile and 
Mother&Daughter are tested, respectively. For simplicity, 
B frames are not considered in the experiments. 

Fig.6 shows the RD curves of the four transcoders. The 
quality of the cascaded decoder-encoder with RDO 
(EncDec) is the best, followed by the mode mapping with 
motion vectors (MapMV) and the simple mode mapping 
(SimMap). The direct downscaling scheme (DirMap) has 
the worst performance. Furthermore, at lower bit rate, our 
mode mapping schemes perform much better than the 
direct 8x8 downscaling.  Although the cascaded decoder-
encoder with RDO outperforms the proposed mode 
mapping schemes, it has much higher computational 
complexity than ours. 
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Fig. 6.  RD curves of the different mode decision schemes.  
 

 
5. CONCLUSION 

 
In this paper, a mode mapping method has been presented 
for H.264/AVC spatial downscaling transcoding. Different 
from the traditional transcoding methods applied on the 
previous standards, the proposed method has been focused 
on mode decision due to its important role in H.264/AVC 
video encoding and transcoding. The mapping scheme is 
exploited based on the statistics that reveals the inherent 
relation between the frames with different spatial 
resolutions but having the same content. How to further 
improve the performance at low bitrate still remains a 
future work.  
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