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An Efficient Method for DCT-Domain Image
Resizing with Mixed Field/Frame-Mode Macroblocks

Changhoon Yim and Michael A. Isnardi

Abstract—This paper deals with discrete cosine transform
(DCT)-domain image resizing as compressed domain processing.
Previous DCT-domain image resizing methods assume that all
macroblocks are in the frame mode. In this paper, we propose
an efficient method for DCT-domain image resizing with mixed
field/frame-mode macroblocks. This method is developed from
the investigation of the DCT-domain image resizing operation
through a decomposition of matrix operations, from which we
define new downsampling matrices for frame- and field-mode
macroblocks. This leads to new frame- and field-mode resizing
transformation matrices for DCT-domain image resizing. The
proposed DCT-domain image resizing method can be used when
there are mixed field/frame-mode macroblocks.

Index Terms—Compressed domain processing, discrete cosine
transform (DCT)-domain image resizing, field/frame-mode mac-
roblock, resizing transformation matrix.

I. INTRODUCTION

M ANY image and video compression standards such as
JPEG, MPEG-1, MPEG-2, and H.261 are based on

discrete cosine transform (DCT) coding techniques. Video
manipulation in the compressed domain can save computation
by processing less data and reducing the conversion process
between compressed and uncompressed data. There has been
considerable research for processing images and videos di-
rectly in the DCT domain in the context of compressed domain
processing [1]–[4]. Image resizing is a fundamental form of
image manipulation. Some research has been performed for
image resizing in the DCT domain [3], [5]–[7].

MPEG-2 is specified as the video compression standard for
digital television by the Advanced Television Systems Com-
mittee [8]. In MPEG-2, there are field and frame pictures to
accommodate coding of progressive and interlaced video [9].
In a frame picture, either field or frame mode may be selected
on a macroblock-by-macroblock basis for the improvement
of coding efficiency. Hence there can be mixed field- and
frame-mode macroblocks in MPEG-2 video compression.

Fig. 1 shows the field and frame mode of a macroblock in
the spatial domain. In Fig. 1, and represent the vertical
(row) and horizontal (column) index, respectively. Previous
DCT-domain image resizing methods [3], [5]–[7] assume that
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all macroblocks are in the frame mode. Hence we need a new
method for DCT-domain image resizing when there are field-
and frame-mode macroblocks. In this paper, we propose an
efficient method for DCT-domain image resizing with mixed
field/frame-mode macroblocks.

The organization of this paper is as follows. In Section II,
we first describe a DCT-domain 2 : 1 image resizing method as
a background. This method assumes that all macroblocks are
in the frame mode. Section III presents the decomposition of a
DCT-domain image resizing operation. We investigate the role
of each matrix in the DCT-domain image resizing operation. In
Section IV, we propose an efficient method for DCT-domain
image resizing with mixed field/frame-mode macroblocks,
using new field/frame-mode resizing transformation matrices.
In Section V, we discuss a DCT-domain filtering operation
for DCT-domain image resizing with mixed field/frame-mode
macroblocks. Experimental results are shown in Section VI.
A brief conclusion is presented in Section VII.

II. DCT-DOMAIN IMAGE RESIZING

This section describes a DCT-domain 2 : 1 image resizing
method as a background, which is based on [5]. (This method
is equivalent to the method in [7].) We assume that the block
size for DCT is 8 8, as in most video compression standards.

The 2 : 1 resizing transformation matrix is represented as

(1)

where is the DCT transform matrix, is a downsampling
matrix, and is a matrix for low-pass filtering. The sizes of

, , and are 8 8, 8 16, and 16 16, respectively.
The 2 : 1 downsampling matrix can be defined as

...
(2)

where is the 8 8 identity matrix and represents a
Kronecker product.

The matrix is for low-pass filtering to reduce aliasing
effects on the resized image. For 2 : 1 image resizing,can
be defined as a simple truncation operation [5], [7]

(3)
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Fig. 1. Field and frame mode of a macroblock in the spatial domain.

Note that there can be many other ways to perform low-pass
filtering in the DCT domain.

DCT domain resizing is block-based. For 2 : 1 resizing, 2
2 DCT blocks are converted to one DCT block. Since one

DCT block is of size 8 8, one 16 16 block is converted
to one 8 8 block for 2 : 1 resizing in the DCT domain. The
2 : 1 DCT-domain resizing operation can be represented as

(4)

where is a matrix of size 16 16 from 2 2 DCT blocks,
is the 2 : 1 resized matrix in the DCT domain of size 8

8, and is the 2 : 1 resizing transformation matrix. For the
luminance component, one macroblock (1616) is resized
to one DCT block (8 8). For the 2 : 1 image resizing of
the whole picture, the 2 : 1 DCT-domain resizing operation
in (4) should be performed for all 16 16 blocks in the
DCT domain. The 2 : 1 resizing transformation matrixcan
be precalculated as in (1) and is of size 816.

Note that this method assumes that all macroblocks are in
the frame mode.

III. D ECOMPOSITION OFDCT-DOMAIN

IMAGE RESIZING OPERATION

In this section, we present the decomposition of the DCT-
domain image resizing operation described in Section II. By
this way, we investigate the role of each matrix in the resiz-
ing operation. Based on this decomposition, we develop the
method for field-mode as well as for frame-mode macroblocks.

From (1) and (4)

(5)

Note that and . The operation in (6) can
be decomposed into several steps

(6)

(7)

(8)

(9)

The operation in (6) represents a low-pass filtering in the
DCT domain.

The operation in (7) represents the inverse DCT (IDCT) for
a DCT block. To verify this, let

where ’s ( ) are all 8 8 DCT blocks. Then

where represents the IDCT of . Hence is
conceptually a spatial domain matrix of size 1616 from 2

2 DCT blocks.
The operation in (8) means downsampling in the spatial

domain. The first multiplication by in (8) represents the
2 : 1 downsampling in the vertical direction, and the second
multiplication by in (8) represents the 2 : 1 downsampling in
the horizontal direction. Let .
If we use the downsampling matrix in (2), then

...
...

...
...

...
...

...
...

...

Hence is the 2 : 1 downsampling matrix in the vertical direc-
tion. Similarly, we can verify that is the 2 : 1 downsampling
matrix in the horizontal direction. Since and are of sizes
8 16 and 16 8, respectively, the matrix in (8) is of
size 8 8.

Let be a row vector of size 1 16, where only the th
element is one and all other elements are zero. For example,

, etc. Then the 8 16
matrix can be represented in terms of’s as

...
(10)

The downsampling matrix in (10) selects even lines of a
macroblock in the vertical downsampling. This downsampling
by corresponds to the subsampling of every two pixels in the
spatial domain. Note that the downsampling matrixin (10)
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can be used only for frame-mode macroblocks in the vertical
downsampling.

Finally, the operation in (9) represents the forward DCT to
obtain the resized DCT block.

From the consideration of the decomposed steps in (6)–(9),
we found that the DCT-domain resizing operation in (5)
contains the four operations: low-pass filtering in the DCT
domain (6), inverse DCT (7), 2 : 1 downsampling (8), and
forward DCT (9). Hence the operation in (4) represents 2 : 1
resizing in the DCT domain.

Based on this decomposition, we develop a new DCT-
domain image resizing method for field-mode as well as
frame-mode macroblocks in the next section.

IV. PROPOSEDDCT-DOMAIN IMAGE RESIZING METHOD

In this section, we propose a new method for DCT-domain
image resizing. We define new downsampling matrices for
frame- and field-mode macroblocks. This leads to new frame-
and field-mode resizing transformation matrices for DCT-
domain image resizing. This method can be used when there
are mixed field- and frame-mode macroblocks.

Let be a matrix of size 16 16 representing the
frame-mode macroblock in the spatial domain with elements

. Then

...
...

...
(11)

Let be a matrix of size 16 16 representing the field-
mode macroblock in the spatial domain. Then the elements of

can be represented in terms of the elements ofas

...
...

...

...
...

...

(12)

The first eight rows of represent the even lines, and the last
eight rows of represent the odd lines in the macroblock.

We develop new frame- and field-mode downsampling
matrices for frame- and field-mode macroblocks, respectively.
In this method, the downsampling operation is performed by
an averaging operation. Let and be the frame- and field-
mode downsampling matrices, respectively. Let be a row
vector of size 1 16, where only the th and th elements
are one and all other elements are zero. Then we propose to
define and as

...
(13)

and

...
(14)

Downsampling by and correspond to the downsampling
by averaging of two pixels in the spatial domain. Note that
the averaging operation is a kind of low-pass filtering. Hence
low-pass filtering is performed implicitly in the downsampling
operations by and .

The explicit form of and can be obtained by
representing ’s as elements

...
...

...
...

(15)

...
...

...
...

...
...

...
...

(16)

Notice that can also be represented simply as

(17)

where is the identity matrix of size 8 8.
Frame- and field-mode resizing transformation matrices are

defined in terms of frame- and field-mode downsampling
matrices, respectively. Let and be the frame- and field-
mode resizing transformation matrices, respectively. We define

and as

(18)

and

(19)

The matrix can be further simplified by (17) and (19)

(20)

The 2 : 1 DCT-domain resizing operation for a frame-mode
macroblock is performed as

(21)

where is a frame-mode DCT-domain macroblock of size
16 16 and is the 2 : 1 resized DCT block of size 8
8. The 2 : 1 DCT-domain resizing operation for a field-mode
macroblock is performed as

(22)

where is a field-mode DCT-domain macroblock of size 16
16 and is the 2 : 1 resized DCT block of size 8 8.
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Fig. 2. Flowergardenimage (original).

Note that the horizontal image resizing operation is per-
formed in the same way by in (21) and (22). This is
because macroblock formation is the same in the horizontal
direction for frame- and field-mode macroblocks.

V. DISCUSSION ONDCT-DOMAIN FILTERING

In this section, we discuss a DCT-domain low-pass fil-
tering operation for DCT-domain image resizing with mixed
field/frame-mode macroblocks.

In previous DCT-domain image resizing methods in [5] and
[7], low-pass filtering is performed in the DCT domain by
in (3), as represented in (6). It is a simple intrablock low-pass
filtering by truncation in the DCT domain. However, the
matrix in (3) in the DCT domain is not equivalent to a sharp
low-pass filter in the discrete Fourier transform (DFT) domain
[7]. The intrablock operation by in (3) does not correspond
to a linear convolution in the spatial domain. Actually, this ma-
trix operation by may produce visible aliasing and blocking
artifacts. Moreover, the DCT-domain low-pass filtering by
as in (3) would affect differently the field- and frame-mode
macroblocks in the spatial domain. This may result in serious
blocking artifacts between field- and frame-mode macroblocks.

To overcome the limitation by intrablock filtering, Neriet al.
propose interblock filtering in the DCT domain [7]. However,
this method would greatly increase the complexity, and it
cannot be used when there are mixed field- and frame-mode
macroblocks.

Considering these points, the implicit low-pass filtering
operation as averaging by the downsampling matrices in (13)
and (14) would be a good compromise forblock-basedDCT-
domain image resizing. This low-pass filtering as averaging
would not have any blocking artifact, and the filtering char-
acteristics would be the same for field- and frame-mode
macroblocks.

There might be a better method to perform low-pass filtering
in the DCT domain for DCT-domain image resizing with
moderate complexity, which could be done as future research.
There has been some related research on filtering in the DCT

Fig. 3. Flowergarden image with mixed field/frame-mode macroblocks.
Frame-mode macroblocks are displayed as original intensity, and field-mode
macroblocks are displayed as reduced (darker) intensity.

Fig. 4. DCT-domain image resizing with mixed field/frame-mode mac-
roblocks using the proposed method.

domain [7], [10], [11]. The DCT-domain filtering can be
incorporated in the DCT-domain image resizing operation.
Note that the filtering characteristics should be the same for
field- and frame-mode macroblocks to apply here.

VI. EXPERIMENTAL RESULTS

We performed experiments of DCT-domain 2 : 1 image
resizing with mixed field/frame-mode macroblocks, in which
the proposed method performed well. In this section, we
present the results for one kind of image. Fig. 2 shows
an original image of size 480 720 in the Flowergarden
image sequence. Fig. 3 shows theFlowergardenimage with
mixed field/frame-mode macroblocks. In Fig. 3, frame-mode
macroblocks are displayed as original intensity, and field-mode
macroblocks are displayed as reduced (darker) intensity. The
field/frame mode of each macroblock is randomly generated.
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Fig. 4 shows the DCT-domain image resizing with mixed
field/frame-mode macroblocks using the proposed method in
Section IV. This result is obtained when there are mixed field-
and frame-mode macroblocks as in Fig. 3.

VII. CONCLUSION

We proposed an efficient method for DCT-domain image re-
sizing with mixed field/frame-mode macroblocks. This method
especially can handle field-mode macroblocks. It is developed
from the investigation of the DCT-domain image resizing
operation through a decomposition of matrix operations. From
the decomposition, we define new downsampling matrices for
frame- and field-mode macroblocks, leading to new frame-
and field-mode sizing. In the discussion about DCT-domain
filtering, we can see that a simple intrablock operation by trun-
cation in the DCT domain for low-pass filtering my produce
visible aliasing and block artifacts. We propose to perform the
low-pass filtering implicitly as averaging by downsampling
operations to avoid the blocking artifacts and the difference
in the filtering characteristics between the field- and frame-
mode macroblocks. Future research could be performed for
more efficient low-pass filtering in the DCT domain for DCT-
domain image resizing.

REFERENCES

[1] S.-F. Chang and D. G. Messerschmitt, “A new approach to decoding and
compositing motion-compensated DCT-based images,” inProc. IEEE
Int. Conf. Acoustics, Speech, and Signal Processing,Apr. 1993, pp.
V.421–424.

[2] , “Manipulation and compositing of MC-DCT compressed video,”
IEEE J. Select. Areas Commun.,vol. 13, pp. 1–11, Jan. 1995.

[3] N. Merhav and V. Bhaskaran, “Fast algorithms for DCT-domain
image down-sampling and for inverse motion compensation,”IEEE
Trans. Circuits Syst. Video Technol.,vol. 7, pp. 468–476, June
1997.

[4] B. Smith and L. A. Rowe, “Algorithms for manipulating compressed
images,”IEEE Comput. Graph. Applicat. Mag.,pp. 34–42, Sept. 1993.

[5] R. H. Jonsson, “DCT domain resizing,” David Sarnoff Research Center,
Tech. Rep., Jan. 1996.

[6] S. A. Marturcci, “Image resizing in the discrete cosine transform
domain,” in Proc. IEEE Int. Conf. Image Processing,1995, pp.
II.244–II.247.

[7] A. Neri, G. Russo, and P. Talone, “Inter-block filtering and downsam-
pling in DCT domain,”Signal Process.: Image Commun.,vol. 6, no. 4,
pp. 303–317, Aug. 1994.

[8] B. Bhatt and D. Birks, “Digital television: Making it work,”IEEE
Spectrum,vol. 34, no. 10, Oct. 1997.

[9] T. Sikora, “MPEG digital video coding standards,”IEEE Signal Pro-
cessing Mag.,vol. 14, no. 5, pp. 82–100, Sept. 1997.

[10] B. Chitprasert and K. R. Rao, “Discrete cosine transform filtering,”
Signal Process.,vol. 19, pp. 233–245, 1990.

[11] J. B. Lee and B. G. Lee, “Transform domain filtering based on pipelining
structure,”IEEE Trans. Signal Processing,vol. 40, pp. 2061–2064, Aug.
1992.


