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ABSTRACT

In this work we describe algorithms for the resizing by arbi-
trary factors of images represented in the block DCT space.
The algorithms are designed by exploiting spatial relation-
ship of the block DCT coefficients and sub-band correlation
of the DCT coefficients. An interesting application of these
methods shown is the conversion in the compressed domain
of images (video frames) from one format to another.

1. INTRODUCTION

Image resizing operation is often required for display, stor-
age, and transmission of images. In Internet applications,
browsing of images may require transmission of the same
image at varying resolutions for different specifications of
the display and communication network at the client ends.
Another important application of image resizing operation
is in the transcoding of images/videos from one data format
to the other (e.g. HDTV to NTSC). Usually, resizing oper-
ation is performed in the spatial domain. However, as most
images are stored in the compressed format, it is preferable
to perform the resizing operation directly in the compressed
domain. This reduces the computational overhead associ-
ated with decompression and compression operations with
the compressed stream.

As the DCT-based JPEG standard is widely used for im-
age compression, a number of approaches have been ad-
vanced to resize the images in the DCT space [1], [2], [3],
[4], [5], [6]. In particular, Dugad and Ahuja [7] have sug-
gested a simple fast computation technique for halving and
doubling of images using their low frequency components.
Later, Mukherjee and Mitra [8] proposed some modifica-
tions to their scheme.

Usually, image resizing operations are meant for either
image halving or image doubling operations. However there
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are a few efforts in recent times for performing these opera-
tions in general cases. In [9] image resizing operations with
arbitrary factors of L

M
× L

M
(where L and M are positive

integers) are carried out in the DCT domain by making use
of the multiplication-convolution properties of the discrete
trigonometric transforms [10]. Our approach distinctly dif-
fers from this work and it is general enough to accommo-
date arbitrary resizing with factors P

Q
× R

S
, where P , Q,

R and S are positive integers. In our work we have used
the spatial relationships of the DCT coefficients between a
block and its sub-blocks as developed by Jiang and Feng
[11]. Using their approach it is possible to decompose (re-
compose) the DCT block(s). Fortunately, their techniques
for recomposition and decomposition of DCT blocks (cou-
pled with sub-band approximation of DCT coefficients) can
also be used in image resizing. We have shown how these
could be carried out by exploiting the spatial relationship
and sub-band correlation of the DCT coefficients. One of
the major contributions in the proposed schemes is the iden-
tification of computational steps providing a general frame-
work for image resizing operations. The approach is general
enough to perform resizing operations with arbitrary fac-
tors, namely with integral and rational factors. A practical
application of these methods shown here is the conversion
of images (video frames) from one format to another in the
compressed domain itself. It is demonstrated by converting
a HDTV frame to a NTSC one.

2. SUB-BAND DISCRETE COSINE TRANSFORM
COMPUTATION

We review here briefly the approximate computation of DCT
coefficients from its sub-bands. In addition, we summarize
the observations with regard its relevance to image resiz-
ing made by us previously [8]. The DCT of a 2-D image
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{x(m,n), 0 ≤ m ≤ N − 1, 0 ≤ n ≤ N − 1} is given by:

C(k, l) = 2
N
.α(k).α(l).

∑N−1
m=0

∑N−1
n=0 (x(m,n)

cos( (2m+1)πk
2N ) cos( (2n+1)πl

2N )),
0 ≤ k, l ≤ N − 1.

(1)

where α(p) is given by:

α(p) =

{ √

1
2 for p = 0

1 otherwise,
(2)

where p = k, l.
The low-low sub-band xLL(m,n) of the image is ob-

tained as:

xLL(m,n) = 1
4{x(2m, 2n) + x(2m+ 1, 2n)
+x(2m, 2n+ 1) + x(2m+ 1, 2n+ 1)},
0 ≤ m,n ≤ N

2 − 1.
(3)

Let CLL(k, l), 0 ≤ k, l ≤ N
2 − 1 be the 2D DCT of

xLL(m,n). Then the sub-band approximation of DCT of
x(m,n) is given by:

C(k, l) =

{

2 cos( πk
2N

) cos( πl

2N
)CLL(k, l), 0 ≤ k, l ≤ N

2
− 1,

0, otherwise.
(4)

It should be noted that for small values of k and l, cosine
terms can be approximated as 1. Hence, Eq. (4) can be fur-
ther simplified as:

C(k, l) =

{

2CLL(k, l), 0 ≤ k, l ≤ N
2 − 1,

0, otherwise.
(5)

We refer the above approximation as low-pass truncated ap-
proximation of the sub-band coefficients.

3. RECOMPOSITION AND DECOMPOSITION OF
DCT BLOCKS

In this section we briefly describe the technique for recom-
position and decomposition of DCT blocks. The details
could be found in [11]. For convenience, we first discuss
the spatial relationships of the DCT blocks in 1-dimension.
Let there be M blocks of the N -point DCT of a sequence
{x(n)}, 0 ≤ n ≤MN−1. Hence the DCT of the pth block
can be expressed as follows:

Cp(k) =
√

2
N
α(k)

∑N−1
n=0 x(pN + n)cos( (2n+1)πk

2N ),

0 ≤ p ≤M − 1, 0 ≤ k ≤ N − 1.
(6)

On the other hand, the MN -point DCT of x(n) is ex-
pressed as:

C(k) =
√

2
M×N

α(k)
∑M×N−1

n=0 x(n) cos( (2n+1)πk
2×M×N ),

0 ≤ k ≤MN − 1.
(7)

In both of the above two equations α(k) is given by Eq. (2).
Jiang and Feng showed that a block DCT transformation

as expressed by Eq. (6) is nothing but orthonormal expan-
sion of the sequence {x(n)} with a set of M ×N basis vec-
tors, each of which is derived from the basis vectors of the
N -point DCT. Hence there exists an invertible linear trans-
formation from M blocks of the N -point DCT transform to
the usual MN -point DCT transform. In other words, for a
sequence ofN -point DCT blocks {C(N)

i }, i = 0, 1, ....M−
1, the corresponding composite DCT C(MN) (MN -point
DCT), there exists a matrix A(M,N) of size MN × MN

such that

C(M.N) = A(M,N).[C
(N)
0 C

(N)
1 . . . C

(N)
M−1]

T , (8)

where the super-script ”T” denotes the transpose of a matrix.
The analysis in the 1-dimension can be easily extended

to the 2-dimension. In this case, for an L × M adjacent
DCT blocks, a composite DCT block can be formed by the
following equation:

C(LN×MN) =

A(L,N).




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
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(9)

Similarly, for decomposing a DCT block C(L.N×M.N)

to L ×M DCT blocks of size N × N each, following ex-
pression is used:


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= A
−1
(L,N)

.C(L.N×M.N).A
−1T

(M,N)

(10)

It may be noted that the conversion matrices and their
inverses are sparse. Hence, lesser number of multiplica-
tions and additions of two numbers are needed than those
required in the multiplication two full matrices.

4. RESIZING WITH ARBITRARY FACTORS

In this section we propose algorithms for resizing by arbi-
trary factors in the block DCT space. First, we present al-
gorithms with integer conversion factors and then for more
general cases with arbitrary rational conversion factors.

4.1. Resizing with Integer Conversion Factors

While down-sampling an image a number of blocks are first
recomposed to a single block. Finally, the recomposed block
is sub-sampled to a smaller block using the sub-band DCT
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approximation. Hence in this case, if an image is to be re-
duced to a size by a factor of L ×M (where L and M are
two positive integers), one may consider L×M number of
N×N DCT blocks and convert them into a block of (LN×
MN )-point DCT. We have used the sub-band approxima-
tion (extended from Eq. (5))in Eq. (11). Let CLL(k, l), 0 ≤
k ≤ N − 1, 0 ≤ l ≤ N − 1 be the DCT coefficients of a
N × N block of the down-sampled image. Then the DCT
coefficients of a LN ×MN block are approximated by the
following equation.

C(k, l) =

{ √
LMCLL(k, l), 0 ≤ k, l ≤ N − 1

0, otherwise.
(11)

The algorithm for down-sampling of images by L ×M is
described below.

4.1.1. Algorithm LM Down-sampling (LMDS)

Input: 8× 8 block based DCT encoding of an image.
Output: 8 × 8 block based DCT encoding of the L × M

down-sampled image.
Begin

For every adjacent L ×M blocks, { Bij , 0 ≤ i ≤
L − 1, 0 ≤ j ≤ M − 1} of the input image do the
following:
{

(a) Compose a LN×MN DCT block according to
equation (9).

(b) Get the resultingN×N -DCT coefficients of the
down-sampled image from equation (11).

}

End LM Down-sampling (LMDS)

One may observe that for L = 2 and M = 2, the op-
eration is nothing but the image halving operation and the
approach significantly differs from the earlier methods [7],
[8]. Equation ( 11) may also be used for converting aN×N
DCT block of an image to a LN ×MN DCT block of the
up-sampled image. After conversion, one may use DCT-
block decomposition to obtain L×M numbers of N ×N -
DCT blocks in the up-sampled image. The algorithm is de-
scribed below:

4.1.2. Algorithm LM Up-sampling (LMUS)

Input: N ×N block based DCT encoding of an image.
Output: L ×M Up-sampled image in the compressed do-
main.
Begin

For each N ×N block B do the following:

(a) (b)

(c)

Fig. 1. Image Resizing by a factor of 2×3: (a) Original, (b)
down-sampled image, and (c) up-sampled image

(a) Approximate B to a LN ×MN DCT block as
follows:

B̂(LN×MN) =

[ √
LM.B Z(N,(M−1)N)

Z((L−1)N,N) Z((L−1)N,(M−1)N)

]

.

(12)

where Z(a,b) denotes a matrix of a× b zero ele-
ments.

(b) Decompose B̂(LN×MN) into L×M number of
N ×N DCT blocks using Eq. (10).

End LM Up-sampling(LMUS)

Interestingly, the algorithm for image doubling as pro-
posed in [8] is a special case (for L = 2 and M = 2) of the
above one.

Typical examples of image resizing operations with a
factor of 2× 3 are shown in the Figure 1.

4.2. Resizing with Rational Conversion Factors

One can also use the integral factor resizing methods for re-
sizing with a factor of rational number in both directions.
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(a)

(b) (c)

Fig. 2. Conversion of a HDTV frame (1080 × 1920) to
a NTSC frame (480 × 640) (a) HDTV (b) NTSC (up-
sampling followed by down-sampling) (c) NTSC (down-
sampling followed by up-sampling)

Let an image be resized by a factor of P
Q
× R

S
, where P ,

Q, R and S are positive integers. This could be carried out
by up-sampling an image with the integral factor of P ×R,
followed by a down-sampling operation with the factor of
Q × S. One may also carry out the down-sampling oper-
ation (by a factor of Q × S) before the up-sampling one
(with P × R factor). This will speed up the computation.
In Figure 2, we present a typical example of conversion
of a HDTV frame1 (of size 1020 × 1920) to a NTSC one
(of size 480 × 640). We have used both the approaches,
namely up-sampling followed by down-sampling and its re-
verse. Though the first one is computationally expensive, it
provides a visually better quality picture than the latter one.

5. CONCLUSION

In this work we have discussed resizing algorithms for im-
ages represented in the block DCT space. The algorithms
exploit the spatial relationship of the block DCT coefficients
and sub-band correlation of the DCT coefficients. The pro-
posed approach is general enough to accommodate resizing
operations with arbitrary factors, namely with integral and
rational factors. An interesting application of these meth-
ods demonstrated here is the conversion of images (video
frames) to one format to another in the compressed domain
itself.

1Obtained from http://www.siliconimaging.com/hdtv-images.htm
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