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ABSTRACT

An efficient down-sampling algorithm of DCT (discrete
cosine transform) compressed images is presented in this
communication. The algorithm operates directly on the
compressed data, thus avoiding the need for
decompressing, down-sampling in the spatial domain and
re-compressing the images. As a result, the quality of the
reconstructed images is higher and the computational
complexity is lower than similar algorithms appeared in the
open literature. Its structure is highly regular, resulting in
efficient software and hardware implementations. The
algorithm can be used in various applications, such as
image and video browsing, video compositing and
transcoding, and HDTV to SDTV conversion.
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1 INTRODUCTION

The emergence of the compression standards JPEG,
MPEG, H.26x has enabled many consumer and business
multimedia applications, where the multimedia content is
disseminated in its compressed form. However, many
applications require processing of the multimedia content
prior to presentation. A very frequent process is that of
down-sampling (down-scaling, down-sizing) the
compressed image. as it happens in the following cases:
Image and video browsing: In applications, such as image
and video browsing, it may be sufficient to deliver a lower
resolution image or video to the user. Based on user’s
input, the media server could then provide the higher
resolution image or video sequence [1].

Video compositing: Compositing several MPEG video
sources into a single displayed stream is important for
MPEG video applications as for example advanced
multimedia terminals, interactive network video and multi-
point video conferencing. Compositing video directly in the
compressed domain reduces computational complexity by
processing less data and avoiding the conversion process

back and forth between the compressed and the
uncompressed data formats. In compression standards
(MPEG, H.26x), compression is computationally 3 to 4
times more expensive than decompression. Compressed
domain based down-sampling can be used to implement an
efficient picture-in-picture system for MPEG compressed
video and can result in significant savings [1. 2].
Transcoding: Efficient transcoding could cope with
different quality of services in the case of multi-point
communications over POTS, ISDN, and ADSL lines [3].
HDTV to SDTV conversion: A HDTV down conversion
decoder can decode the Grand Alliance HDTV bitstreams
and display them on SDTV or NTSC monitors (4, 5].

Traditional approaches for down-scaling rely on
decompressing the bitstreams first and then applying the
desired processing function (re-compression). In the present
communication, an efficient down-sampling technique is
presented, in which full transition to the spatial domain is
avoided.

2 THE APPROACH

The down-sampling of a still image in the spatial domain
consists of two steps. First the image is filtered by an anti-
aliasing low pass filter and then it is sub-sampled by a
desired factor in each dimension. For a DCT-compressed
image, the above method implies that the compressed and
quantised image has to be recovered first into the spatial
domain by inverse DCT (IDCT or DCT) and then undergo
the procedure of filtering and down-sampling as illustrated
in Fig la.

A direct approach would be that of working in the
compressed domain, where both operations of filtering and
down-sampling are combined in the DCT domain. This
could be done by cutting-off DCT coefficients of high
frequencies and using the IDCT with a smaller number of
coefficients to reconstruct the reduced resolution image.
For example, one could use the 4x4 coefficients out of the
8x8 and perform the IDCT on these coefficients in order to
reduce the resolution by a factor of 2 in each dimension
(Fig. 1b). This approach, referred to as Jfrequency masking
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approach, does not result in significant compression gains
and requires encoders and decoders to be able to handle
4x4 DCT’s and IDCT’s. It also requires run-length coding
schemes to be optimised for the 4x4 case. Furthermore,

this method results in significant amount of blocking
effects and distortions, due to the poor approximations
introduced by simply discarding higher order coefficients

[4).
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Figure 1. Block diagrams of the down-sampling approaches of compressed images

This direct approach would be more useful if we
had 16x16 DCT blocks and were keeping the 8x8 DCT
coefficients in order to obtain the down-sampled. However,
most image and video compression standards, like JPEG,
H.26x, and MPEG, segment the images into rectangular
blocks of size 8x8 pixels and apply the DCT on these
blocks. Therefore, only 8x8 DCT’s are available. One way
to compute the 16x16 DCT coefficients is to apply inverse
DCT in each of the 8x8 blocks and reconstruct the image.
Then the DCT in blocks of size 16x16 could be applied and
the 8x8 out of the 16x16 DCT’s coefficients of each block
could be kept. This would lead to a complete decoding
(performing 8x8 IDCT’s) and re-transforming by 16x16
DCT'’s, something that would require 16x16 DCT hardware
or software. However, if one could compute the 8x8 out of
the 16x16 DCT coefficients by using only 8x8
ransformations, then this method would be faster and it
would perform better than the one that uses the 4x4 out of
the 8x8. This would also mean that by avoiding the
computation of DCT’s of size 16x16, the memory
requirements could also be reduced.

In the present communication, an efficient
algorithm is proposed for the computation of an NxN-point
DCT given the N/2xN/2 DCT coefficients of four adjacent
blocks (Fig. 2). Only N/2-point transformations are
required for this computation and all operations are
performed in the compressed domain (transform domain
manipulation, TDM).

3 THE ALGORITHM

In order to simplify the notation and discussion the 1-D
down-sampling analysis is presented. Because the DCT is

separable, all results extend to the 2-D case by simply
applying the properties in each of the two dimensions
consecutively.
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Figure 2. Schematic diagram of the proposed approach
(N/2 is.usually equal to 8)

Let us assume that the DCT coefficients Y, and
Zy, (k=01,...,(N/2)-1), of two consecutive data
sequences y, and z,, (n=0,1,...,(N/2)-1), are given,
where N =2". The problem to be addressed is the efficient
computation of X,, (k=0,1,...,N-1) directly in the
DCT domain, given Y, and Z,, where X  are the DCT
coefficients of x,, (n=0,,...,N - 1), the sequence
generated by the concatenation of y, and z, .

3.1 Definitions
The normalised forward DCT (DCT-II) and inverse DCT

(IDCT) of the length-N sequence x, are given by the
following equations [6]:
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whereg, = l/ﬁfork =0 ande, =/fork+#0. Notice
that €, =¢,and €, , =1. The normalised DCT and IDCT
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similar expressions. where in this case N is substituted by
N/2.

3.2 Theoretical Analysis
The computation is performed separately for the even- and
the odd-indexed coefficients.
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(

oW (2n ~ )21 [T | (Qn+ixkn (2n+ Ik
i ¥ - = — —_
Homy o g rocos T VNE‘];" oS NT) TLE,Xe o8 AN/ 2) J
I a l,,
ir:— I‘AZ‘ (2n+ 17 Z [2(N—l—n)+l)<n1
TYNT S-S ) AT o 2ANT2)
i A
nj—= o Qn+ixn [ 2 ’z (2n+ Ixn
==y > — =z —_—
V2 YN 25 S5 *\/N/zz‘..o S TNT)
|
o : ]—Ef)' 2] k= N2
=yaln ezl = 3ln 2] k=on vizm-

where Z', is the DCT of z', =Xy, h=0L.,(N/2)-1.

ii. Odd-indexed coefficients
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r, is a length-(N/2) DCT of the length-(N/2) IDCT of (Y-
Z,) multiplied by 2cos(2n+1)n/2N. The flow graph of the
proposed algorithm for the case of the concatenation of two
8-point adjacent coefficient sequences (i.e. N=16), is
depicted in Fig. 3. It is seen that this graph has the familiar
structure of the fast transform algorithms, resulting in an
efficient implementation in software and hardware. Down-
sampling by a factor of 2 implies that only coefficients 0, 2,
4,6, 1, 3,5, 7 have to be calculated, simplifying further the
implementation.
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Figure 3. Flow graph of the proposed approach for N=16

3.3 Computational Complexity

For the computation of the even-indexed coefficients only
N/2 additions are necessary, while for the computation of
the odd-indexed coefficients N/2+(N/2-1) additions, N/2
multiplications, one length-N/2 IDCT and one length-N/2
DCT are needed. Thus, the computation of all N
coefficients requires a total of My multiplications and Ay
additions, where M,=(N/2)log,N and 4 ~=(3N/2)log,N-N+].
This complexity is equal to that of a length-N fast DCT
computation according to well known fast algorithms [7-9].
Down-sampling by a factor of 2 means that the above given
complexity figures are further reduced.

Compared to the traditional approach of
decompressing the two N/2 sequences and re-compressing
the filtered and undersampled length-N/2 sequence, one
length-N/2 DCT computation is saved. This savings could
be even greater if pruning techniques where incorporated in
the computations [10]. In the 2-D case, the savings are
more significant. According to the traditional approach of
Fig. la, 80 DCT’s of length-8 are needed for the down-
sampling of 4 adjacent 8x8 transform blocks. (Row-column
wise calculations are considered). This figure reduces down
to 48 DCT’s of length-8 each, if the proposed approach is
used., i.e. a total of 32 DCT calculations is saved. This
means that for the down-sampling of a compressed CIF
image, which consists of 99 macroblocks, down to QCIF,
3168 DCT’s of length-8 are saved.

The comparison of the proposed approach to that
of [4] reveals certain advantages of the first. Specifically,
the calculation of the odd-indexed coefficients according to
[4] requires two matrix multiplications and a number of
additions. This results in a total computational complexity
of N?/2 multiplications and N%/2+N-2 additions, which is in
the order of N? and not of Nlog,N, as in the proposed



approach. In addition, that algorithm possesses an irregular
structure, it cannot be implemented in a fast transform way
and it requires multiplications by both cosine and sine
functions.

The proposed approach has a similar complexity
to that presented in [11]. However, the proposed method is
efficiently implemented in software and hardware by means
of existing optimised DCT’s and IDCT’s, i.e. the proposed
processing integrates easily into any block DCT-based
image compression system. Besides, it is applicable for any
number of points N (N being an even number) and not
restricted and optimised to 8 points only. Also, the down-
sampling factor can be different than 2 and also it can be
different for each dimension of the image.

4 COMPUTER SIMULATION RESULTS
AND CONCLUSIONS

Down-sampling of compressed images in the transform
domain is not only advantageous from the computational
point of view, but from the obtained picture quality as well.
This is due to the fact that a great number of arithmetic and
quantisation errors are avoided. Comparative experimental
results of the approaches depicted in Fig. 1, are given in
Table 1. The reference image in each of the cases was
obtained by down-sampling the original image by means of
Photoshop 4.0. The SNR values and the file sizes (i.e. the
compression ratios) for each case are included in the Table.
The quantisation matrix used, is the one given in the JPEG
standard for the luminance [6,12]. It is seen from this Table
that the proposed approach outperforms all other methods,
This is further corroborated by the subjective comparison
of the images. In addition, taking into consideration the
computational efficiency of the proposed approach (more
than 40% savings as compared to the traditional method),
we derive that this could be effectively used in all cases of
down-sampling of compressed images.

In conclusion, it has been proved that processing
digital images in the compressed domain by means of the
proposed approach, has many advantages in terms of
processing speed, storage efficiency and image quality.
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Table I

Comparative results for down-sampling of compressed images by 2
in each dimension (SNR in dB, file sizes in KBytes)
—— - : Prop

Lenna . 27.14
(256x256) 8.8KB 36.7KB 12KB
peppers 23.57 31.97 27.58
(256x256) 9.2KB 36.3KB 12KB
sailboat 21.59 31.56 25.54
(256x256) 11.2KB 42.2KB 15.7KB
foreman 22.89 32.82 26.67
(88x72) 1.3KB 4.3KB 1.7KB

news 16.18 27.29 20.87
(88x72) 1.2KB 3.9KB 1.7KB

target 18.57 23.21 23.96
(256x256) 8.5KB 33.6KB 12.2KB

hotel 19.57 29.85 24.02
(360x288) 16.6KB 60.6KB 23.1KB




