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Downsizing Transcoding

Haiyan Shu and King Ngi Ngan, Fellow, IEEE

Abstract� When high-quality video is delivered via a
bandwidth-limited network, one solution is to reduce the spatial
resolution of the bitstream before transmission. Downsizing
transcoding is adopted as an ef�cient tool to reduce the spatial
resolution of the precoded bitstream. Since the downsizing
process and the coding process both apply a low-pass �ltering
operation on the picture, the reconstructed video may result
in serious blocking artifact. In this paper, pre- and post-shift
�lters are considered in the transcoding process. The block
boundary is shifted between the downsizing process and the
coding process. This reduces the blocking effect in downsizing
transcoding. Experimental results show that the proposed scheme
can ef�ciently remove the blocking effect without introducing
high computation.

Index Terms� Blocking effect, downsizing transcoding, pre-
and post-shift �lter.

I. INTRODUCTION

W ITH THE development of video communication sys-
tem, video adaptation is required for various appli-

cations. Video transcoding is an efficient tool to realize this
purpose. It is used to convert a precoded bitstream to different
formats according to the channel conditions and the user
requirements [1]. When the bandwidth is limited or the size
of user display devices is different from that of the original
bitstream, resizing transcoding is adopted to reduce the spatial
resolution of the original bitstream.

To meet the requirement of arbitrary resizing, many schemes
have been proposed to resize the original picture with arbitrary
ratio. Mehta [2] proposed to combine the neighboring blocks
together and generate a larger block. By padding zero or
truncating high-frequency coefficients of this big block, a new
block is generated. The final result is realized by partitioning
this new block into 8 × 8 blocks. Park [3] proposed a new
scheme for L/M-fold resizing by upsampling each block to
its L-fold and downsizing it by M-fold. And in [4], a gen-
eralized downsizing scheme was proposed with anti-aliasing
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consideration. Although these methods present a satisfactory
downsizing result and have anti-aliasing feature, the output
contains significant blocking artifacts in low bit rate cases.
This is undesirable for human visual perception.

Several de-blocking schemes were proposed in the liter-
ature [5]–[7]. They employ a postprocessing step to filter
the reconstructed picture, and to reduce the blocking effect.
However, these schemes demand high computation. Low
computation scheme is desired, especially in the downsizing
process, to reduce the blocking effect. In [8], lapped trans-
form was adopted for de-blocking application. However, it
introduces high computation. And sometimes, it may lead to
over-smoothing.

In this paper, pre- and post-shift filters are considered for de-
blocking purposes. The filtering process can be incorporated
into the resizing process. No high computation is involved. The
rest of the paper is arranged as follows. In Section II, previous
downsizing transcoding schemes are presented and the reason
why blocking occurs is analyzed. In Section III, the pre-
and post-shift operations are introduced. Finally, experimental
results are presented in Section IV and the conclusion is drawn
in Section V.

II. REVIEW OF PREVIOUS DOWNSIZING
TRANSCODING PROCESS

There are two types of applications for arbitrary downsizing
transcoding. First, different users may have different display
devices. The precoded video has to be resized with arbitrary
ratio to accommodate the size of display device. Second, when
the bandwidth of network is limited, it is necessary to reduce
the spatial resolution of the bitstream. This helps to reduce the
overall bit rate. This process is shown in Fig. 1.

In this process, the precoded bitstream is transcoded to a
low spatial resolution bitstream. At the decoder side, it is
reconstructed and upsized to the original size for display.

To improve the video quality, several schemes were pro-
posed for downsizing in the transform domain [2]–[4]. In [4], a
generalized downsizing scheme is presented with anti-aliasing
consideration. To realize a resizing ratio of L/M, this scheme
can be illustrated as follows:

1) combining neighboring M blocks together. This can be
considered as a block group;

2) applying downsizing filters to this block group;
3) partitioning the downsized block group into L blocks.
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Fig. 1. Downsizing transcoding flowchart.
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Fig. 2. Traditional downsizing scheme.
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Fig. 3. Proposed downsizing scheme.

The downsizing transcoding process that adopts this resizing
scheme is illustrated in Fig. 2.

In the downsizing process, a low-pass filter is introduced
for anti-aliasing. The high-frequency components within the
blocks are discarded. This introduces blocking artifacts along
the margin of blocks. When the input blocks are grouped
together and the low-pass filter is applied to them, the blocking
artifact is more serious between the neighboring block groups.

In the coding process, each block is coded by applying
a quantization factor to it. This reduces the overall bit rate.
However, the quantization process is also a low-pass process
that introduces blocking artifact. In the low bit rate case, the
coarse quantization may lead to obvious blocking artifact.

When the blocking artifacts introduced by the downsizing
and coding processes appear in the same position, they become
more serious, which lead to quality degradation. Especially,

TABLE I
PSNR AND MSDS COMPARISON BETWEEN DIFFERENT RESIZING

SCHEMES

Sequence PSNR MSDS
DCT_T Li f t LT _T Shi f t_T DCT_T Li f t LT _T Shi f t_T

Foreman 26.356 26.264 26.357 9.3686 9.9977 9.235
Carphone 27.982 27.975 28.036 13.785 14.565 12.252
Tempete 22.561 22.563 22.574 26.533 26.202 16.889
Goldfish 23.392 23.437 23.408 21.632 19.398 9.2773

Table 24.265 24.347 24.217 77.965 65.25 75.7

TABLE II
GBIM AND JQS COMPARISON BETWEEN DIFFERENT RESIZING SCHEMES

Sequence GBIM JQS
DCT_T Li f t LT _T Shi f t_T DCT_T Li f t LT _T Shi f t_T

Foreman 1.3233 1.3552 0.94901 8.2437 8.5718 9.8659
Carphone 1.4052 1.434 1.0135 7.8056 8.1548 9.3665
Tempete 1.5465 1.5339 1.0445 6.8587 7.0402 8.7746
Goldfish 1.7545 1.6874 1.0791 6.3224 7.0295 8.6776

Table 1.3611 1.3178 0.8963 6.7909 7.5016 8.9151

along the boundary of the block groups this artifact is more
significant. Although some postprocessing can be used to
mitigate this artifact, low-cost algorithms are preferred.

Recently, the lapped transform is adopted for efficient
compression [9]. And it has been further extended to the
downsizing transcoding application. In [8], the downsizing is
realized in the lapped transform domain. The output result
is transformed to the DCT domain for further processing.
This approach can reduce the blocking artifact. However, the
computational cost is obviously high. In addition, it may
introduce over-smoothing and blurring effect.

III. PRE- AND POST-SHIFT FILTERING FOR
BLOCKING REMOVING

In this section, a blocking removal algorithm is presented.
Because the downsizing and upsizing processes are needed,
an efficient scheme is proposed for this application to remove
the blocking effect located at the block boundary.

In this scheme, pre- and post-shift filtering operations are
applied after and before resizing, respectively. The pre-shift
filtering can be combined with downsizing in the transcoder,
and the post-shift filtering can be integrated with upsizing in
the decoder. The resulting transcoding process is illustrated in
Fig. 3.
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Fig. 4. Foreman (frame 50) (a) original. (b) DCT_T . (c) Li f t LT _T . (d) Shi f t_T .

It is seen from Fig. 3, that the block groups generated from
downsizing process are regrouped and coded. The boundary
of the block group is within the block in the coding process.
Two low-pass filtering operations are applied to the different
positions within the picture. Thus the blocking effect is not
localized along the same block margin. Therefore, blocking
artifact may not result along the block boundary in the
reconstructed picture.

Next, the detailed derivation of the pre- and post-shift
filtering is given. In the realization of the proposed pre- and
post-shift filtering scheme, the pre- and post-shift filters are
defined. Here, we assume that the downsizing ratio is L/M
and the coding block size is N. A 1-D derivation is given to
illustrate the proposed scheme.

As introduced in [4], the traditional downsizing operation
is given by

yL N = hL N×M N • xM N (1)

where xM N and yL N are the input and output blocks, and
hL N×M N is the downsampling matrix. Their sizes are indi-
cated by the corresponding subscripts.

As the input M blocks are downsized to the output L blocks,
the desired shift operation is to shift LN/2 points. This is

realized by the following matrix multiplication:

y�
L N =

�
0L N/2 IL N/2 0L N/2 0L N/2
0L N/2 0L N/2 IL N/2 0L N/2

�

•
�
y1

L N y2
L N

�t (2)

where y1
L N and y2

L N are two neighboring block groups after
downsizing, I and 0 are the identity matrix and the zero matrix
with the size indicated by their subscripts. The image after
pre-shift filtering (y�

L N ) is used as the input to the encoder,
and the DCT coefficients for the filtered image will be re-
calculated for the further coding process. This shift operation
can be combined into the resizing process.

After transcoding and decoding, the output image is gener-
ated by post-shift filtering and upsampling. Similar to (1) and
(2), this process is described as

zM N = g�
M N×2L N • y2L N

= gM N×L N •
�

0L N/2 IL N/2 0L N/2 0L N/2
0L N/2 0L N/2 IL N/2 0L N/2

�

•
�
�y1

L N �y2
L N

�t (3)

where �y1
L N and �y2

L N are two neighboring output block groups
after decoding, and gM N×L N is the upsampling matrix.
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Fig. 5. Tempete (frame 24) (a) Original. (b) DCT_T . (c) Li f t LT_T . (d) Shi f t_T .

With pre- and post-shift filtering, the size of the block
groups along the picture boundary becomes half of the original
size of the block group (e.g., MN/2). To handle these blocks,
two schemes are considered.

One scheme is to apply a different downsampling filter to
these boundary blocks. If this downsampling filter can fulfill
the requirement of anti-aliasing, the output quality will be very
close to that in the traditional downsizing scheme. At the same
time, the computational cost is reduced.

To maintain a high quality as in the traditional down-
sizing scheme, another scheme is considered. The current
picture can be extended to a bigger size along the picture
boundary. The same downsampling filter is applied to these
block groups. By this scheme, the computational cost is
increased a little. However, the output quality is almost the
same as that of the traditional scheme. The padded parts are
discarded before the encoding process. It is not necessary to
code these extra parts. This is shown in Fig. 3, in which
parts of the output from the topmost L/M downsizing block
are not coded. On the decoder side, an inverse operation is
employed.

As the pre- and post-shift filtering processes can be in-
corporated into the downsizing and upsizing processes, low
computation is presented.

IV. EXPERIMENTAL RESULTS

To evaluate the blocking removal performance of the pro-
posed scheme, the following experiments are used to compare
it with other similar approaches.

Following the operation illustrated in Fig. 1, the precoded
high-quality bitstream is inputted to the downsizing transcoder.
The coding operation is based on H.264, and the original
frame size is 352 × 288 (“CIF” format). Here, we con-
sider a downsizing ratio of 1/2. Three different downsizing
transcoding schemes are compared: the traditional downsiz-
ing scheme (DCT _T ) [4]; the lapped downsizing scheme
(Li f t LT _T ) [8]; and the proposed scheme (Shi f t_T ). In
Shi f t_T , the downsizing filter is the same as DCT _T . The
target bit rate for transcoding is 32kbps. The transcoded
bitstreams are decoded and then reconstructed to the original
size.

First, the video quality in terms of PSNR is compared.
Several video sequences are examined, and the results are
shown in Table I. It is observed that the PSNR results by
these three schemes are similar. No significant difference can
be observed. The proposed scheme can present video quality
as high as in the traditional scheme. This is because the
downsampling filter adopted in these two schemes are the
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