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Efficient image downconversion for rixed
field/frame-mode macroblocks

Sungjoo Suh, Seeng Soo Chun, Myung-Hee Lee and
Sanghoon Sull

An efficient image downconversion algorithm in the compressed
domain for mixed field/frame-mode macroblocks is proposed. A
16 % 16 ficld/frame-mode macroblock is converted inte an 8x 8
reduced block in the discrete cosine transform (DCT) domain using
a modified inverse DCT (IDCT) kemel. Experimental tesults show
that the proposed algorithm prevides the downconverted image quality
similar to an existing method with significantly lower computational
cost.

Introduction: Several image/video resizing algorithms have recently
been proposed to resize the image/video directly in the DCT domain
[1, 2]. Those DCT domain methods assumed that a DCT-encoded
image contains only frame-mode macroblocks. However, a digitally
broadcast video stream based on MPEG-2 contains mixed field/
frame-mode macroblocks in a frame picture especially 'when there
are large motion components between top and bottom fields. Thus
there is a need for efficiently resizing the mixed field/frame-mode
macroblocks in the DCT domain. Recently, Yim and Isnardi [3]
proposed a DCT domain image resizing scheme for mixed field/
frame-mode macroblocks using field/frame-mode resizing transfor-
mation matrices similar to the matrices in [1]. The method uses all the
DCT coefficients despite the fact that high frequency CCT coeffi-
cients are usually unnecessary for image downconversion, and thus is
not computationally efficient. Tn this Letter we propose an efficient
image downconversion algonthm for mixed field/frame-mode macro-
blocks. The proposed method is based on a modified IDCT kernel
providing stronger lowpass filtering while maintaining the efficiency
of simple DCT domain truncation.

Modified IDCT: A common method for image downconversion
averages ncighbouring pixels. Let x(n), n=0, ,..., ¥N—1 be an
N-point data sequence with N even and xg(n), =0, 1,..., N2 -1
be an N/2-point reduced data sequence. Then, xz(n) can be written as
xg{my= [x(2r} +x(2n + 1)]/2 where n =0, ..., N/2 — 1. Suppose that
X(k), k=0, 1,..., N—1 is the DCT of x(n). By expressing x(2r) and
x(2n+1) in terms of X(k) and applying a simple mathematical
manipulation, we can derive

x = 3 aOXh) cos(;‘—;) clany M

where  CE2"H) —cos((2n 4+ Dkn/2N), 2(0y=+/(1/N) and a(k)=
JEINYfor 1 <k<N—1.

Since the most significant encrgy is vsually compacted in the low
frequency range k€ {0, 1,..., N/2 — 1} and cos(kn/2N ) is decreasing
with the increasing valie of &, we can ignore the high frequency
coefficients in (1). Thus, xg(#} can bc approximated as

N kr E(Zik1)
xg(n) = ¥ afk)cos I XK)Cy 2 ()
k=0 N

For example, when N = 8§, (2) describes the reduction of an 8-point data
sequernce to a 4-point data sequence and can be expressed as a matrix
multiplication. Suppose that xg is a column vector containing the
4-point reduced data sequence and X is a column vector containing
the first four low frequency componcents of an 8-point DCT data
sequence. Then, we have the following:

Xg = MiX 3

where M4§fDT4 and 7 is a 4-point DCT matrix including normalising
constants «(k) with ¥=28, and D is a 4 x 4 diagonal matrix defined as

D= diagl 1. cos(%), cos(%g), o8 (::%) } (4)

Note that Mj provides stronger lowpass filtering than the simple
truncation IDCT matrix 7 used in [2] by zeroing out high frequency
components and taking averages of neighbouring pixels. Thus, the
modified IDCT method is an approximation of averaging filter for
downsampling from the DCT domain to the spatial domain.

Downconversion with frame-mode macroblock: A 16 x 16 frame-
mode macroblock By consists of four 8 x 8 DCT blocks. Let ﬁp be
an 8 x 8 block composed of the four submatrices each of which
represents the 4 x 4 low frequency components of the corresponding
8 x 8 DCT block of Bx Then, l§F can be written as

. B, B
B. = ,11A12i| (5)
g [leBzz

Suppose that P11, Pi2, P2y and Py are reduced pixel blocks obtained
from each By, Bjs. Ba; and Bo,, respectively. Then, the reduced pixel
block Pp in the spatial domain is described by extending (3} to two-
dimension as follows:

]3#_ — I:l:)ul?lz] = |:’A44!BIIM4 Mjﬁ12M4i| (6)

PyPn]™ M5ﬁ31M4 MiByM,

Let B be the DCT of Px The reduced 8 x 8 DCT block downconverted
from a 16 x 16 frame-mode macreblock can be obtained as
MiB M, MiBLM, ([ 7]
MiB, M, Mgénm] [ T:z]
= (T, MOB (TLMEY + (T, MDB o (TM))'

+ (TRMBy (T MY 4 (TyMiBy(TeMiY )

B=TP.Ti= [TLTR][

where T is an 8-peint DCT mattix including normalising constants a(k)
with N=28, and T, and 7 are two submatrices representing the first and
last four columns of Ty, respectively. By decomposing T, M} and TriM)
into C+ D and C — D with two very sparsc matrices € and D, we have

B=W+nNC+x-np (8
where

X =C(By, +B;)) + D(B,, — By)
¥ = C(By; + Byy) + DBy, — By}

Note that the matrices C and D, the elements of which are not shown
here, are different from those in [2] since we usc the modified IDCT
matrix A4 employing the diagonal matrix D instead of the simple IDCT
truncation matrix 77.
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Downconversion with field-mode macroblock: In the spatial domain,
a field-mode macroblock consists of two upper 8 x 8 blocks repre-
senting even lines and two bottom 8 x 8 blocks representing odd lines
before de-interlacing, Let Prbe a field-mode macroblock in the spatial
domain before de-interlacing with four 8 x 8 sub-matrices, denoted by

P P
p. = n 12] 9
4 [Pn Py @
Since the averages of neighbouring even and odd lines provide vertical
downsampling, the wvertically downconverted pixel block can be
obtained by averaging the upper and bottom blocks. Suppose that
Py, Pyp, Py and Py, arc horizontally reduced pixel blocks from P,

Py3, Py and Py, respectively. Let Pobe a downconverted pixel block in
both vertical and horizontal directions. Then, we have

Pr:%[l’n‘l'Pn Py +Py] {10}
Let B, be the DCT of B, and B, be the left 8 x 4 DCT subblock taken
from 8 x 8 DCT block of each P; for i, =1, 2. Here, we need only
four low frequency DICT coefficients per each row for horizontal
downconversion, Thus, the reduced 8 x 8 DCT block downconverted
from a 16 x 16 field-mode macroblock can be written as

B, = IuP T}
1 - - - -
=3 TulTe(By, + By )M, Te(By; + Byp)M, | Ty

1 - ~ - -
= 5((B|1 + By )M T+ (Byz + Bp)M TR)

Lo,
= 5((311 + By + By + Byp)C
+ (B, + B, — B, — B,,)D) (11)

Note that an image with field-mode macroblocks can be downconverted
using very sparse matrices C and D, resulting in lower computational
overhead. The simple DCT truncation in the DCT domain could cause
visual artifacts such as aliasing and block artifacts. Further, since a
field-mode macroblock is verticaily downsized by averaging neighbour-
ing pixels, it is desirable to horizontally downsize in the same way to
avoid visual artifacts caused by the difference in filtering characteristics
between vertical and horizontal downconversions. Our proposed
method yields a good compromise between computational overhead
and visual quality by approximating the process of downsampling or
averaging in the DCT domain.

Fig. 1 Test image with randomly generated field /frame-mode macroblacks

Experimental resulis: In the experiment, we implemented Yim’
method described in [3] using the fast 1-D TDCT algorithm [4].
Compared with Yim’s method, our algorithm offered the PSNR
value within 0.1 dB over a wide range of images. Fig. 1 shows the
flower garden image with mixed field/frame-mode macroblocks
randomly generated where the intensity values of the field-mede
macroblocks are decreased for display purpose. The downsized
images in the DCT demrain using Yim’s method and the proposed
method are shown in Figs. 2 and 3. The quality of the two
resized images appears similar without any noticeable visual artifact.
Table | indicates that the computational complexity of the proposed
scheme is much lower than Yim's method for downconversion of
field/frame-mode macroblocks.

Fig. 3 Downconverred image using proposed method

Table 1: Complexity comparison for downconversion of field/
frame-mode macroblock

Multiplication | Addition
Proposed method 160 208
Field-mode macroblock Yim's method 264 983
Proposed method 320 320
Frame-mode macroblock Yim’s method 880 3512

Conclusion: We have proposed an efficient algorithm for image
downconversion for mixed field/frame-mode macroblocks in the
DCT domain. The proposed method is based on the modified IDCT
kernel that efficicntly approximates average operations for downsa-
mpling. The experimental results show that the proposed method
achieves significant computational savings compared with the existing
method while providing the similar visual quality.
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