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Arbitrary-Ratio Image Resizing Using Fast DCT of
Composite Length for DCT-Based Transcoder

Young Seo Park and Hyun Wook Park, Senior Member, IEEE

Abstract—We propose a fast arbitrary-ratio image resizing
method for transcoding of the compressed images. The downsizing
process in the discrete cosine transform (DCT) domain can be im-
plemented by truncating high-frequency coefficients, whereas the
upsizing process is implemented in the DCT domain by padding
zero coefficients to the high-frequency part. The proposed method
combines a fast inverse and forward DCT of composite length for
arbitrary-ratio upsizing or downsizing. According to the resizing
ratio, truncating the high-frequency coefficients and padding
zeros are appropriately considered by combining the inverse DCT
and forward DCT. The proposed method shows a good peak
signal-to-noise ratio and less computational complexity compared
with the spatial-domain and previous DCT-domain image resizing
methods.

Index Terms—Arbitrary-ratio image resizing, composite length
DCT, transcoder.

1. INTRODUCTION

ITH advances in digital signal processing and digital

media, many video streams and images are now trans-
mitted and stored in compressed forms. Accordingly, image ma-
nipulation in a compressed domain is usually more efficient than
that in a spatial domain in terms of computation complexity
and image quality. Numerous approaches have been applied to
image and video processing in the compressed domain. Among
the many image manipulation processes, image resizing is a fun-
damental and important operation for various multimedia appli-
cations. Previous studies have demonstrated that image resizing
in the compressed domain rather than in the spatial domain is
generally efficient in terms of image quality and computation
amount [1]-[4].

Straightforward image resizing of a compressed image can
be performed by a sequential operation such as decompression
of a compressed image, resizing of the decompressed image,
and recompression of the resized image. However, these ap-
proaches are undesirable owing to high computational cost.
Many approaches for image resizing have also been developed
in the transform domain. A downsizing process in the discrete
cosine transform (DCT) domain can be implemented by trun-
cating high-frequency DCT coefficients, whereas an upsizing
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process is implemented in the transform domain by padding
zero coefficients to the high-frequency side. Recent approaches
for image resizing in the transform domain yielded good results
in both computational complexity and image quality [1], [2].
Image resizing methods have been performed in the DCT do-
main by a low-pass truncated approximation [1] and a subband
approximation [2], respectively, both of which show good peak
signal-to-noise ratio (PSNR) performance.

Some approaches for image resizing in the DCT domain
showed good results in both computational complexity and
image quality. However, these methods are limited with re-
spect to arbitrary-ratio image resizing [1], [2]. Other recent
approaches proposed arbitrary-ratio image resizing methods
[3], [4]. Shu and Chau’s method reconstructs 8 X 8 an resized
block from neighbor input blocks and their shift matrices in
the DCT domain, which requires relatively high computational
complexity. Moreover, if (M/L) x 8 is not an integer value
when the image is downsized with a ratio of L/M (M > L),
this ratio could not be implemented by Shu and Chau’s method.
Our previous method also has good image quality for arbi-
trary-ratio image resizing [4]. The basic concept of L/M -fold
resizing is implemented by performing M -fold downsizing
after L-fold upsizing. However, the computational complexity
of this method is not efficient when L and M are large values.
Salazar and Tran proposed a generalized method for arbi-
trary-ratio image resizing recently [5]. However, it did not
suggest an optimum length of DCT and inverse DCT (IDCT)
for high PSNR.

We propose a fast arbitrary-ratio image resizing method in the
DCT domain, which produces visually fine images with high
PSNR. Furthermore, the proposed method is faster than the pre-
vious arbitrary-ratio resizing methods. The arbitrary-ratio image
resizing can be realized by the fast inverse and forward DCT of
composite length [6], [7]. We analyze the computational com-
plexity and the PSNR, and then compare them with those of
previous methods.

In the paper, a new image resizing method that can reduce
computational complexity and improve the PSNR is described.
In Section II, the proposed image resizing method is outlined.
Section III describes another proposed approach for faster re-
sizing, which further reduces computation complexity with a
cost of slight PSNR degradation. Experimental results are given
in Section IV while Section V presents conclusions.

II. PROPOSED IMAGE RESIZING METHOD
IN THE DCT DOMAIN (CASE I)

The proposed fast arbitrary-ratio image resizing method is
performed by combining the IDCT and forward DCT (DCT) of

1057-7149/$20.00 © 2006 IEEE
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Fig. 1.

Conceptual diagram of the proposed L /M -fold resizing (Case I): (a) processing unit with M blocks, (b) zero padding in the DCT domain, (c) (8 +

q)-sample IDCT for M blocks and splitting M blocks into L blocks in spatial domain, (d) (M (8 +¢)/L)-sample DCT for L blocks, and (e) resizing by truncating

high-frequency parts in the DCT domain.

composite length sequentially. In general, a downsized image
in the DCT domain can be obtained by truncating the high-fre-
quency DCT coefficients and an upsized image is implemented
by zero padding. According to the resizing ratio, the number
of truncated coefficients and the number of padded zeros are
appropriately determined, and the IDCT and DCT of the corre-
sponding lengths are performed.

The proposed L/M -fold resizing is performed by the sequen-
tial operations of the IDCT and DCT. For a two-dimensional
(2-D) image, the one-dimensional (1-D) sequential operations
of the IDCT and DCT are performed in the horizontal direction
and then in the vertical direction. Therefore, different resizing
ratios can be applied to the horizontal and vertical directions, re-
spectively. This paper describes the 1-D resizing method, which
can be applied to a 2-D image independently in the horizontal
and vertical directions.

Let /M be an irreducible fractional number. The proposed
method of I/M-fold resizing is processed with M-blocks unit,
each block having a length of eight. First, the (8 + ¢)-sample
IDCT is performed for M-blocks. On this occasion, zero
padding of g samples is required in advance. The inverse

transformed sequences have a total (8 4+ ¢) x M of samples in
a group of M blocks, which are retransformed by DCT with a
length of (8+¢) X (L /M ). We then truncate the high-frequency
coefficients except eight low-frequency coefficients, thereby
reconstructing L blocks of eight samples in the DCT domain.
The resized image can be obtained through this IDCT and DCT
processing. No further processing is needed.

A conceptual diagram of the L/M-fold resizing is shown in
Fig. 1. For L/M-fold resizing, M consecutive 8-sample
blocks are converted to L 8-sample blocks. Therefore,
M 8-sample blocks are grouped as shown in Fig. 1(a).
u;(k)s(i = 1,..., M)denotes 8-sample DCT coefficients of
the ¢th block in a group of M blocks. The total sample number
of the original M blocks is 8 X M. In order to perform the
proposed L/M-fold resizing, the proposed method requires
that the number of total samples in a group of M blocks should
be a common multiple of L and M. If not, zero padding is
required for each block. Constraints of the proposed resizing
method are given as follows:

N = common multiple of {M, L}
N > Max{M,L} x8 : Constraint II

: Constraint I

ey



496

where Nis the required number of total samples in a group of
M blocks, which is determined as follows:

N=Mx@8+q), ¢>0 )
where ¢ is the smallest positive integer value satisfying the
constraints in (1). Consequently, gis the required zero padding
number per block for Case I.

Fig. 1(b) shows a case when 8 x M (= N) is not the common
multiple of L and M. An IDCT of length of (8+ ¢) is performed
for the zero-padded blocks. z;(n)s, represents (8 + ¢)-sample
sequence of the ith block in the spatial domain, and @;(k)s+,
are the (8 4 ¢)-sample DCT coefficients of z;(n)s4,. Let Xi8+q
be the vector form of x;(n)s4q and ug,, be the vector of
U;(k)s+q. Then, a vector of group of M blocks can be described
as follows:

M<1

X8+q

2

X8+q

X = )
M
-X8+1q
r - ~1
Csiq 08+1q 0s+q Os+q 1~1§+q
0s+q Cgiq 0Osiq 0Osiq | | Usiq
= _ ) 3)

08+q Osiq - Osiq :
0 0 0 Cgl a)!
L Y8+q 8+q 8+q 8+q 8+q

where ngq is the (84 ¢)-sample IDCT matrix and Og_yq is the
8 + q x 8 + q zero matrix.

Since the number of total samples in a group of M blocks
becomes a multiple of L by appending ¢ zeros to each DCT
block, x can be split into L-blocks as shown in Fig. 1(c). It can

be described as follows:

1
XM(8+q)/L

2
*M(8+a)/L | = x. (4)

L
XM(8+q)/L

Then the (M (8 +¢)/L)-sample DCT is performed for L blocks
in (4). We can then extract eight DCT coefficients of low fre-
quency from (M (8 + ¢)/L) coefficients in each block. Finally,

the resized sequence vi(i = 1,..., L) can be obtained as fol-
lows:
Vi
\E
vi
[CMs+a)/L  OMGs+a/L  OMEta/L  OM(s+a)/L
| OMsra OMiisiqy OMs+a/L  OMmsta)/L
Oms+ay/L OM(s+a)/L Ongs a1
LOMes+a)/L OM@+a/L OMB+a/L Cnsig)L
1
XM(8-+q)/L
x | *M@B+a)/L | = x (3)

L
XM(8+q)/L
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where C§88+q)/L is the 8 x (M (8 + ¢)/ L) matrix of the upper
8 rows of EM(S + q)/L)-sample DCT matrix and Onj(s+q)/L
is the 8 X (M(8 4+ ¢q)/L) zero matrix.
Consequently, the resized DCT coefficients vk (i = 1,..., L)
are obtained by applying (3) and (5) as follows:
Vi
v3
vl
[CMisra/r OM@Eta/L  OM@eta/L  Oms+a)/L
| OMsrar OMisiq . OMe+a/L  OMmsta)/L
Om(s+a)/L  OM(s+a)/L Om(s-+a)/L
L Oms+q)/L OMm(s+a)/L OM@+a)/L Cni(siq)L
Cgiq 08+q 0Ostq 0Osiq ﬁé-{—q
y Ostq Csiq Osiq Osiq | |Uhiq
Os+q Osiq 0Os t q ~M
081q Ostq Osiq Cgig Us+q
(0)

In the resizing process, we need a scaling operation to com-
pensate the effects of truncation and zero padding of DCT co-
efficients. Let us take J samples from eight DCT coefficients,
i.e., (J — 8) zeros are padded when J > 8 and (8 — .J) sam-
ples are truncated when J < 8. If we take .J-sample IDCT of
the above J DCT coefficients, the transformed data should be
scaled with (v/.J)/(V/8), since the DCT coefficients were orig-
inally obtained by 8-sample DCT. In a similar way, if we per-
form K-sample DCT and take eight DCT coefficients from K
DCT coefficients by truncation or zero padding, the eight DCT
coefficients should be scaled with (v/8)/(v/K). Consequently,
if we take J-sample IDCT and K -sample DCT for L /M -fold
resizing in 1-D, the resized DCT coefficients should be scaled
with (V7)/(VE).

We briefly show an example of 3/4-fold downsizing using
our method. First, each group consists of four blocks. The total
number of samples in a group is 32. Since the number 32 is not
a multiple of 3, one zero padding into each block (¢ = 1) is re-
quired to satisfy constraints I and II in (1). Then, each block
is transformed by a 9-sample IDCT and retransformed by a
12-sample DCT. Eight coefficients of low frequency are taken
among 12 DCT coefficients in each of L blocks.

We adopt Bi and Yu’s algorithm for fast DCT of composite
length [7]. The IDCT of length 9 required eight multiplications
and 34 additions, which was optimized by Bi and Yu. And the
DCT of length 12 required 14 multiplications and 49 additions.
The detailed computation amount of the proposed method is
shown in the experimental results, which is based on Biand Yu’s
analysis of the composite-length DCT [7].

In the case of 4/3-fold upsizing, the upsizing is processed
with a group of 3-blocks. The total number of samples in a
group is 24. This is also a multiple of four. However, the number
of 24 does not satisfy constraint II in (1). Thus, we should se-
lect N = 36 instead of 24 in order to satisfy constraints I
and II in (1). This means four zeros (¢ = 4) are appended to
each block. Then, 12-sample inverse DCTs for three blocks and
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(¢) (8 + g)-sample IDCT for M blocks and splitting M blocks into L blocks in spatial domain, (d) (M (8 + ¢)/ L)-sample DCT forL blocks, and (e) resizing by

zero padding or truncating high-frequency parts in the DCT domain.

9-sample DCTs for four blocks are performed sequentially. One
highest frequence coefficient is truncated for each block after the
9-sample DCT.

If /M is an integer (integer-ratio upsizing) or M/ L is an in-
teger (integer-ratio downsizing), the proposed resizing method
of Case I is the same as our previous method [4]. Thus, Case I
is the generalized resizing method of [4].

III. FASTER RESIZING METHOD (CASE II)

In this section, we describe a faster resizing method based on
our proposed method in Section II. The faster method of Case
I1 is also processed with a group of M -blocks for the L /M -fold
resizing. In order to reduce the number of samples to be trans-
formed, Case II adopts the following constraint III instead of
constraint II, i.e., constraints I and III are applied to Case 11

Max{M, L} x8 > N > Min{M, L} x 8; Constraint ITI. (7)

If there is no N satisfying constraint III, the resizing can be
implemented only by using Case I. Since N is determined to

be smaller than that of Case I, Case II is computationally faster
than Case I. A conceptual diagram of Case II is shown in Fig. 2.
M 8-sample blocks are also grouped as shown in Fig. 2(a). In
Fig. 2(b), the absolute value of q is the smallest integer value
satisfying constraints I and III, and is defined as follows:

N=Mx(8+q) (8)

where ¢ can be a positive or negative integer value. If ¢ is a
negative integer, ¢ high-frequency coefficients are truncated and
(8 — |q|)-sample IDCT is followed in the case of L/M-fold
downsizing (M > L).If ¢ is a positive integer, ¢ zeros are ap-
pended and (8 + ¢)-sample IDCT is followed. Since the sample
number of the resized block should become eight, zero padding
or truncating is also required at the last step. Let r be the required
number of padded zeros or the number of truncated coefficients
per block at the last step, which can be expressed by

r={(Lx8) —N}/L

={(Lx8) = (M x (8+4q))}/L-. ©)
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TABLE 1
PSNRs OF VARIOUS RESIZING METHODS FOR THE 3/2-FOLD
UPSIZED IMAGES AFTER 2/3-FOLD DOWNSIZING

Method

(down:up) Lena | Boat | Peppers | Baboon
(213 :3/2)

Bilinear /

o 33.19 | 30.80 | 32.10 24.21
Bilinear
Shu [311/ Case | 3081 | 3546 | 36.15 27.04
Previous/ a0 731 3540 | 3612 | 27.01
Previous [4 ]
Case I/ Casel | 38.81 | 35.46 | 36.15 27.04
Caselh/ Case | 3080 | 3552 | 3619 | 27.08

TABLE 11

PSNRs OF VARIOUS RESIZING METHODS FOR THE 4/3-FOLD
UPSIZED IMAGES AFTER 3 /4-FOLD DOWNSIZING

Method

(down:up) Lena | Boat | Peppers | Baboon
(3/4 : 4/3)

Bilinear /

. 3422 | 31.74 | 33.14 24.78
Bilinear

Previous /1 4 45 | 3747 | 3761 | 28.54
Previous [4 |
Casel/Casel | 40.74 | 37.80 | 37.77 28.70
Case I/ CaseII | 40.52 | 37.62 | 37.62 28.61

If r is a positive integer, r zeros are appended to make eight
samples for each block, whereas |r| high-frequency coefficients
are truncated if r is a negative integer.

We show an example of 3/4-fold downsizing using Case II.
The total number of samples in a group is 32. Since the number
of 32 is not a multiple of L. = 3, truncating two coefficients per
block (¢ = —2) is required to satisfy constraints I and III. As a
result, V is 24. Then, each block is transformed by a 6-sample
IDCT and retransformed by a 8-sample DCT.

In the case of 4/3-fold upsizing, the total sample number (V)
of three blocks is 24 as noted above. This also is a common
multiple of 4 and 3. This case can be composed of an 8-sample
IDCT and a 6-sample DCT. First, the 8-sample IDCT is per-
formed, and the 6-sample DCT is followed sequentially. Two
zeros padding per resized block is required at the last step.

IV. EXPERIMENTAL RESULTS

We compare PSNRs of the proposed method and the pre-
vious methods for various images obtained by 2/3-fold resizing
and 3/4-fold resizing. The PSNRs are measured between the
original image and M /L-fold upsized image after L/M -fold
downsizing of the original image. Table I shows the PSNRs of
the 3/2-fold upsized images after 2/3-fold downsizing by using
the previous and the proposed methods. Table II also shows the
PSNRs of the 4/3-fold upsized images after 3/4-fold down-
sizing by using the previous and the proposed methods. Our pre-
vious paper presented the characteristics of the various resizing

IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 15, NO. 2, FEBRUARY 2006

TABLE III
PSNRs OF THE 3/2-FOLD UPSIZED IMAGES AFTER 2/3-FOLD
DOWNSIZING ACCORDING TO THE VARIOUS N

2/3 : 3/2 (down:up)
N
Lena Boat Peppers | Baboon
12 34.66 | 31.50 32.73 24.19
18
Case II 38.80 | 35.52 36.19 27.08
24
38.81 | 35.46 36.15 27.04
Case I
30 38.79 | 3545 36.15 27.04
36 38.76 | 3543 36.14 27.02
42 38.74 | 3541 36.13 27.01
48
Previous[4] 38.73 | 3540 36.12 27.01
54 38.71 35.39 36.12 27.00
60 38.71 | 35.38 36.11 27.00

filters [8]. The proposed method in the present paper is based on
the previous image resizing method [4], [8]. The proposed re-
sizing filter also has a good frequency response. Thus, the PSNR
of our method is better than that of the previous methods for var-
ious images.

Cases I and II have the same Constraint I. The difference of
Case I and Case I is N, i.e., the value of q in (2) and (8). We
can select various N satisfying (2) or (8). In case of 3/4-fold
downsizing, N of Case I is 36, and Case II is 24 and the pre-
vious method [4] is 96. We also present the PSNRs according
to N for various images obtained by 2/3-fold and 3/4-fold
resizing. The PSNRs are measured between the original image
and M /L-fold upsized image after L/M-fold downsizing of
the original image. Table IIT shows the PSNRs of the 3/2-fold
upsized images after 2/3-fold downsizing according to N.
Table IV also shows the PSNRs of the 4/3-fold upsized images
after 3/4-fold downsizing according to N.If N is smaller than
that of the Case II, PSNR is seriously degraded. As N increases
from that of Case I or II, PSNR is slightly decreasing. Table III
and Table I'V show that the proposed method is the optimum.

We also analyzed the computation amount of multiplications
and additions for various resizing methods. Loeffler et al. pro-
posed a fast 8-sample DCT algorithm [6], and fast algorithms
for various-radix DCTs were developed [7], [9]. The proposed
method was implemented with the fast DCT and IDCT intro-
duced in [6], [7], and [9]. In the 3/4-fold downsizing of Case I,
it is the combination of a 9-sample IDCT and a 12-sample DCT.
The computation of the 9-sample IDCT requires 8 multiplica-
tions and 34 additions, and the computation of the 12-sample
DCT requires 14 multiplications and 49 additions [7]. We shall
assume that the size of the original image is 16 8 x 8 blocks
(= 32 x 32) and the resized image is nine 8 x 8 blocks (=
24 x 24) for 3/4-fold downsizing. The amount of computation
in 1-D is computed as follows. First, one zero is padded into
each 8-sample block, and 9-sample inverse DCT is performed
on each zero-padded block. Then, 36 samples of four 9-sample
blocks are divided into three blocks with 12 samples. Three
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TABLE IV
PSNRs OF THE 4/3-FOLD UPSIZED IMAGES AFTER 3/4-FOLD
DOWNSIZING ACCORDING TO THE VARIOUS N

~ 3/4 : 4/3 (down:up)
N
Lena Boat Peppers | Baboon
12 31.66 | 28.91 30.43 22.64
24 40.52 | 37.62 37.62 28.61
Case I ) o o )
36 40.74 | 37.80 37.77 28.70
Case I
48 40.61 37.65 37.70 28.62
60 40.53 | 37.57 37.66 28.58
72 4049 | 37.52 37.64 28.56
84 40.47 | 37.49 37.62 28.55
6 40.45 | 37.47 37.61 28.54
Previous[4] ) o o )
108 40.44 | 37.46 37.61 28.53

12-sample DCT is performed on each 12-sample block. Con-
sequently, the computation amount in 1-D is given as follows:
Number of multiplications = 74

= 8 X 4 (9 — sample inverse DCT for 4 blocks)
+14 x 3 (12-sample DCT for 4 blocks)

Number of additions = 283

= 34 x 4 (9 — sample inverse DCT for 4 blocks)
+49 x 3(12 — sample DCT for 4 blocks).

The 1-D 3/4-fold downsizing is performed in vertical direc-
tion along 32 columns and then in horizontal direction along
24 rows for 2-D image resizing. Therefore, the computation
amount for 3/4-fold downsizing of Case I in 2-D is 4.05(=
(74 x 32 columns + 74 X 24 rows) /(32 x 32)) multiplications
and 15.48(= (283 x 32 columus + 283 x 24 rows) /(32 x 32))
additions per pixel of the original image. And the computa-
tion amount for 4/3-fold upsizing of Case I in 2-D is 4.05(=
(74 x 24 columns + 74 x 32 rows) /(32 x 32)) multiplications
and 15.48(= (283 x 24 columns + 283 x 32 rows) /(32 x 32))
additions per pixel of the upsized image.

The computation amounts of 4/3-fold and 3/2-fold upsizing
for Case II are as follows. The computation of the §-sample
DCT requires 11 multiplications and 29 additions [6], and the
computation of the 6-sample IDCT requires four multiplications
and 16 additions [9]. The computation amount for 4 /3-fold up-
sizing of Case I in 2-D is 2.68(= ((33 + 16) x 24 columns +
(33 + 16) x 32 rows)/(32 x 32)) multiplications and 8.26(=
((87464) x 24 columns+(87+64) x 32 rows) /(32 x 32)) addi-
tions per pixel of the original image. 3/2-fold upsizing is com-
bined of the 9-sample IDCT and 6-sample DCT. The computa-
tion amount for 3/2-fold upsizing of Case II in 2-D is 1.94(=

TABLE V
COMPUTATION AMOUNT OF VARIOUS RESIZING METHODS
FOR L /M -FOLD DOWNSIZING (M > L)

Per pixel of the original image.

2/3-fold downsizing | 3/4-fold downsizing
Method ipli inli
eho Mu.ltlp I additions Mu!tlph additions
cations cations
Bilinear 4.53 12.14 6.05 13.52
Not Not
Shu 2178 19.56 available | available
Pre[jl‘]ous 1042 | 1250 | 1302 | 1291
Case | 4.24 12.85 4.05 15.48
Case II 1.94 8.06 2.68 8.26
TABLE VI

COMPUTATION AMOUNT OF VARIOUS RESIZING METHODS
FOR L /M-FOLD UPSIZING (M < L)

Per pixel of the original image.

3/2-fold upsizing 4/3-fold upsizing
Method ﬁfﬁfsl additions ﬁ?}é‘g’:‘ Additions
Bilinear | 6.19 1214 | s5.61 13.52
Pre[f]‘)“s 9.79 1194 | 1663 | 16.19
Case I 424 | 1285 | 4.05 15.48
Case IT 1.94 8.06 2.68 8.26

((16 4+ 12) x 16 columns + (16 + 12) x 24 rows)/(24 x 24))
multiplications and 8.06(= ((68 4 48) x 16 columns + (68 +
48) x 24 rows)/(24 x 24)) additions per pixel of the upsized
image.

This demonstrates that Case II is computationally faster than
Case I. However, the image quality of Case II is slightly lower
than or similar to that of Case I. Table V shows the compu-
tation amount of the proposed and the previous methods for
2/3-fold and 3/4-fold downsizing. In Table V, 3/4-fold down-
sizing cannot be implemented by Shu and Chau’s method, since
(4/3) x 8 is not an integer value. Table VI shows the com-
putation amount of the proposed and the previous methods for
3/2-fold and 4/3-fold upsizing.

V. CONCLUSION

We proposed a fast arbitrary-ratio image-resizing method
in the DCT domain. The proposed method is implemented
through a combination of inverse and forward DCT of com-
posite lengths. It is easily extended to arbitrary resizing ratio.
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The proposed method produces visually fine images and im-
proves the PSNR of the resized images. We also demonstrate
that the computational complexity of the proposed method is
better than those of the previous methods.
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