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Abstract—the most popular image and video compressio For example, it would be efficient to send a lowalaition

methods such as JPEG, MPEG 1/2/4, H.261/3/4 use tfarma
domain techniques and in particular the Discrete Gos
Transform (DCT). One application for such images atdeo
sequences is resizing. Resizing is extensively usedheet the
requirements of a specific system, to satisfy useénterests, or to
correct spatial distortions. However, a major diffilty

version of an image to a remote client and thethafclient
has interests in the image, the full-resolutiongmaould be
transferred later. Changing the size of the vidam& would
be required to convert between various digital Tahdards
like standard TV and HDTV, and also to fit the indag

encountered when resizing such media is the highVideo frame onto the user’s screen. Therefore, émagizing

computational complexity and the loss of qualityused by the
decompression and compression.

The purpose of this paper is to implement an arbity ratio
image resizing scheme in the DCT domain for transoagof the
compressed images. There are several advantagegiking in
the DCT domain, of these advantages the one thahdtaout the
most is the fact that images are stored in the DCdnthin and
therefore no initial computation is needed in ordéo work on
the image. The downsizing process in the discretesim®
transform (DCT) domain can be implemented by trunicet
high-frequency coefficients, whereas the upsizingopess is
implemented in the DCT domain by padding zero caaéits to
the high-frequency part. The implemented method duones a
fast inverse and forward DCT of composite length fanbitrary-
ratio upsizing or downsizing. The implemented methsltows a
good peak signal-to-noise ratio and less computatb
complexity compared with the spatial-domain and pors
DCT-domain image resizing methods.

Further it will compare several methods offered byffdrent
authors for image resizing. The implemented methaaf
arbitrary ratio image resizing improve peak signtm-noise ratio
and reduces computational complexity when comparedhwi
other existing methods.

This implemented approach of image resizing is exded for
video resizing. The PSNR values of the resized videe
calculated by using an existing tool. The obtain®&NR values
are better when compared with other existing tools.

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

I.  INTRODUCTION

With the explosion in the use of digital images tleed for
efficient tools to manipulate those images arouserige
resizing is a fundamental and extremely importspe tof
image manipulation. Any tool that can perform ttasizing
efficiently or that can be combined easily witheartlimage
processing functions is therefore of great value.

Most images or video frames are stored in a comspres

format. However, the user often requires imagesh wi

different resolution for many applications.
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is a fundamental and
manipulation.

Image resizing is an essential aspect in digitabhgen
processing. It is widely applied in numerous fiekieh as
medical image processing, military applications and
consumer electronics. For instance, we have torgmla
images in HDTV or medical image display, or a scidan
image will fit the minimize LCD panel in portable
instruments. It is needed to ensure that images vaeb
streams are tailored to the communication netwarksr
which the streams travel and to the end user digdaices
upon which they will be presented.

Arbitrary image resizing is of great importancenc® so
much multimedia material (especially images anceo)dis
compressed using the popular block DCT framework, a
resizing operation that is efficient (i.e. offees$ complexity
than a direct inverse transformation, spatial domesizing,
and forward transformation) and occurs in the bl@RT
domain is desirable. The efficiency of any imagsiziag
algorithm is determined by two main factors: thalgy of
the obtained image and the computational complexity
Image manipulation in a compressed domain is uguadire
efficient than that in a spatial domain in terms of
computational complexity and image quality. Numerou
approaches have been applied to image and videe$sing

in the compressed domain.

Dugad and Ahuja [1] have proposed an elegant scfeme
changing the image sizes in the DCT space. Theye hav
suggested a simple fast computation technique &bvirg
and doubling of images using their low-frequency
components. The principle behind the algorithmsettgped

by Dugad and Ahuja is similar to the subband DCT
computation.

In (2002) J. Mukharjee and S. Mitr@roposed two
modifications to the above algorithm. First theye uhe
approximations while converting DCT coefficientsorfr
N/2-point to N—point or vice versa. Secondly, dgrimage
tdoubling, we directly use the DCT coefficients dfet
compressed image for converting it to a 16x16 bliocthe
spatial domain by applying a 16-point IDCT. The gosed
modifications considerably increase the computafion
overhead during image-doubling.

In (2003) H. W. Park, Y. S. Park, and S. K. Oh msp a
novel approach to resize images with resizing ratighe
discrete cosine transform (DCT) domain, which eitplthe

important operation of image
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multiplication-convolution of DCT
multiplication in spatial
symmetric convolution in DCT domain). When an imége
given in terms of its 8x8 block-DCT coefficientts resized
image is also obtained in 8x8 block-DCT coefficgenthe
proposed approach is computationally fast and preslu
visually fine images with high PSNR.

Salazar and Tran (2004), proposed method used
arbitrarily rescale an image is based upon a gépatian
of the technique proposed in [1]. In our approacisjngle
mapping is constructed that implicitly involves @ntbined
resizing and inverse transform back into the spdtianain
followed by a combined resizing and forward transfo

into the 8 by 8 DCT domain. By combining these

property (the

operations into a single mapping, complexity can b

reduced over that of the method of Park et. al.aBse we
resize at both the inverse and forward transfoionatiwe
can get any X/Y scale factor (rather than just psved two
as in the method oDugad and Ahuja). By choosing
different N-point inverse and M - point forward DETve
can use more or less of the original image dateaty the
final image quality.

Ee-Lang Tan, Woon-Seng Gan, and Meng-Tong Wong Ot (©) | — | — |

work is based on the framework proposed in [11]aVoid

significant degradation in resized images, we chotus
perform up-sampling first followed by down-samplibg

resize images. In addition, optimization is introdd to

reduce the computational cost.

Resizing images by factors BfQ x R/S are discussed in
[5] and [2]. Salazar and Tran [2] proposed an eahbjt
resizing algorithm in the DCT domain which

Ahuja [1]. However, authors in [5] did not suggeke
optimal length for DCT and IDCT for high PSNR. 1],
Mukherjee and Mitra have proposed to resize imag#s
the spatial relationship of the DCT coefficientdvieen a
block and its sub-blocks [12]. Mukherjee and Mitrave

is a
generalization of the approach proposed by Dugad ar( v Y

First, the (8+q)-sample IDCT is performed for M-tis. For

domain corresponds to thehis, zero padding of samples is required in adganc

The inverse transformed sequences have a tota)X8tqf
samples in a group of M blocks, which are retramsém by
DCT with a length of (8+q)x(L/M). Then truncate thigh-
frequency coefficients except eight low-frequency
coefficients, thereby reconstructing L blocks ofghdi
g¢amples in the DCT domain. The resized image can be
obtained through this IDCT and DCT processing. Nuhier
processing is needed.
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Fig. (A) Conceptual diagram of the proposed L/M-fold
resizing.

avoided high computational cost by performing down! he algorithm for the implemented approach is gilgrthe

sampling by factors o x S followed by up-sampling by

factors of P x R to resize images. However, performing-
down-sampling first instead of up-sampling introesic )

significant degradation [20].
II. IMPLEMENTED IMAGE RESIZING METHOD IN
THE DCT DOMAIN

The implemented fast arbitrary-ratio image resizimgthod
in the DCT domain produces visually fine imageshwiigh
PSNR. Furthermore, this method is faster than theipus
arbitrary-ratio resizing methods. The arbitranjeamage
resizing is realized by the fast inverse and fodMaCT of
composite length [6], [7].

A conceptual diagram of the L/M-fold resizing isosin in
Figure 3.1. For L/M-fold resizing, M consecutives8mple
blocks are converted to L 8-sample blocks. Theegfist 8-
sample blocks are grouped as shown in Fig. (A).r&lie
denotes 8-sample DCT coefficients of the the iticklin a
group of M blocks. The total sample number of thiginal
M blocks is 8xM. In order to perform the L/M-fold
resizing, its implementation requires the numbertatél
samples in a group of blocks should be a commortiptaul
of L and M. If not, zero padding is required fockdlock.

following steps:

The determined DCT coefficients are divided
processing units of M blocks.

According to the resizing ratio, the numberspatided
zeros are appropriately determined and zero padding
done in DCT domain.

Then (8+q)-sample IDCT is performed for M bls@nd
in spatial domain M blocks are splitted into L tlec

into

4. To be in frequency domain, (M (8+q)/L)-sampl€Dis
determined for L blocks.
5. Image is resized by truncating high-frequenastg

[ll. VIDEO RESIZING ALGORITHM

The approach used for image resizing which is dised in
the previous sections is extended for resizing Yudeos.
The images used are BMP images. So by using sitigkar
between these two file formats the approach isneleé to
YUV video resizing. There are many advantages afigus
YUV video file format which is further explained.

YUV is a color space pixel format and a file exiensfor a
raster graphics file (RIF). YUV files contain bitmamage
data stored in the YUV format, which splits colarass Y,
U, and V values. It stores the brightness (lumiearas the

Let L/M be an irreducible fractional number. TheY value and the color (chrominance) as U and Veslu
implemented method of L/M-fold resizing is processe YUV video files are encoded with raw (i.e. uncongsed

with M-blocks unit, each block having a length aghd.
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and header less) 4:2:0, 4:2:2 and 4:0:0 formatdeifile
encoded in the YUV format stores a sequence of YUV
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images as a single video file may be saved in YU
4:2:2, 4:4:4 formats.

A raster image file is generally defined to be etangular
array of regularly sampled values, known as pixEsch
pixel (picture element) has one or more numberscated
with it, generally specifying a color which the pixshould

files. They are comprised of a grid of pixels wheswch
pixel represents an individual color within the geaBoth
Web graphics and digital photos are

stored as raster graphics. While some raster infageats

are uncompressed, most use some type of im

compression. Common raster image file extensiodsidie

after L/M-fold downsizing of the original image. Gla |
shows the PSNRs of the 3/2-fold upsized images afte
fold downsizing by using the previous and the impdated

method.

The PSNR values given in table | for three images a

obtained by first downsizing using 2/3 resizingiagathen
be displayed in. BMP and YUV are raster image filaipsizing by 3/2 ratio. Bilinear interpolation is spatial
format. Raster graphics are the most common typemafde domain image resizing technique. Results of théndmlr

interpolation method are not satisfactory.

Table | PSNRs of Various Resizing Methods for the 3/2-

fold Upsized images after 2/3-fold Downsizing.

BMP, .TIF, JPG, .GIF, and PNG. Other image file UP)(2/3:3/2)

categories include Vector Graphic and 3D Imagesfile

The primary advantage of YUV video format is that i

remains compatible with black and white analogvisien.
The Y signal is essentially the same signal thatild/doe

broadcast from a normal black and white camerah(wi

some subtle changes), and the U and V signalsiogslys
be ignored. When used in a color setting the satina
process is reversed, resulting in the original R&ior
space.

Another advantage is that the signal in YUV videonfat
can be easily manipulated to discard some infoomaitn
order to reduce bandwidth. The human eye actually
fairly low color resolution, the high-resolutionlooimages
being processed by the visual system by combinirg
high-resolution black and white image with the lo
resolution color image. Standards such as NTSCceethe
amount of signal in the U and V considerably; itesaonly

11% of the original blue and 30% of the originat,re

throwing out the rest. Since the green is alreatyded in
the Y signal, the resulting U and V signals aressatially
smaller than they would otherwise be if the oriyiR&B or
YUV signals were sent.

implemented approach for image resizing will takdyoy

implementation is done for three components. Asvtb&/
files are header less files, while resizing thee sif the

video must be specified. By making some changethen

implementation the same approach is used for Y Wéwi
resizing.

The robustness of the scheme is tested by calegIRISNR
values of the resized video and original video. iAghe
original video is resized by using an existing wdesizing
tool. Then PSNR values are calculated for the eglsizdeo
which is resized by resizing tool and original \odd hese

two PSNR values are compared. We are getting PSNR

values better for the resized video which is rabibg the

proposed scheme. A higher PSNR would normally egic

that the reconstruction is of higher quality. Typiwalues
for the PSNR in lossy image and video compressien
between 30 and 50 dB where higher is better.

IV. EXPERIMENTAL RESULTS AND
PERFORMANCE ANALYSIS

We compare PSNRs of the implemented method and the

previous methods for various images obtained byf@(8

resizing and 3/4 -fold resizing. The PSNRs are nness
between the original image and M/L-fold upsized gma

qe
“Method(down: | Lena Boat Babo-
on
Bilinear 33.19 30.80 24.21
/Bilinear
Shu[3] 38.81 35.46 27.04
/implemented
Previous 38.73 35.40 27.01
/Previous[4]
Implemented | 38.81 35.46 27.04
/Implemented

Table Il Computational amount
(Per pixel of the original image) of Various Resgi

h Methods for 3/2-Fold Upsizing (2<3).
Method 3/2-fold upsizing

t Multiplications Additions

W-1"Bilinear 6.19 12.14
Previous[4] 9.79 11.94
Implemented 4.24 12.85

We also analyzed the computational amount

multiplications and additions for various resizingethods.
Loeffler et al. proposed a fast 8-sample DCT ataoni[6],
For resizing YUV videos same resizing scheme isdusend fast algorithms for various radix DCTs were eleped
which is used for resizing grayscale BMP imagese TH7], [9].The method was implemented with the fagDand
IDCT introduced in [6], [7] and [9].Table Il showthe
component into consideration. For YUV video redizin computational amount of the implemented and theipus

methods for 3/2-fold upsizing.

For getting the following result a 512 x 512 BMPaige is
provided as an input along with resizing ratio 2The
resultant image is scaled accordingly. Fig. B)hs tnput

image and Fig. (C) is the resized image.

a
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For resizing of YUV videos, a YUV video is given as
input along with resizing ratio. Each frame of timput
video is resized according to the given resizinipral he
input video is resized by the implemented appraauth the
existing YUV tool by the same input resizing ratind
PSNR values are calculated for both between thieets

and original video which are given subsequently:

Table 1ll PSNR values for the video resized by YUV tool

From these tables it is clear that PSNR for theeesvideo
which is resized by the proposed scheme is bditar the
PSNRs of the video resized by the YUV tool.

V. CONCLUSION

The implemented method presented a new approach to
digital image resizing whereby all processing ifqrened in
the DCT domain. This approach of image resizinggtasvn
how to perform pixel-domain downsampling and upsamgp

by simple manipulation of the DCT-domain values.eTh
resizing method is implemented through a combimatid
inverse and forward DCT of composite lengths. It is
extended to arbitrary resizing ratio.

The proposed method produces visually fine images a
improves the PSNR of the resized images. This noettieo
demonstrates that the computational complexity lo¢ t
proposed method is better than those of the prsviou
methods. The proposed approach is extended forovide
resizing and improves the PSNR of the resized video
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Frame SNR_Y SNR_U SNR_V
L 31.196 45.1563 47.4215

2 31.195 45.173 47.438
3 31.1921 45,1532 47.4411
4 31.1899 45.1843 47.4203
5 31.1731 45.1785 47.4378
6 31.1526 45,1912 47.4456
! 31.1643 45.197 47.4466
8 31.1859 45.198 47.4523
9 31.1922 45,194 47.4641
10 31.2007 45.1818 47.3987
11 31.2229 45.1904 47.4216
12 31.2559 45.2063 47.4515
13 31.2583 45.2771 47.5456
14 31.3253 45,4217 47.6243
15 31.4169 45.4833 47.5992

Table IV PSNR values for the video resized by proposed

scheme.

Frame SNR_Y SNR_U SNR_V

1 23.1476 47.0183 49.4816

2 23.1663 47.0545 49.4635

3 23.1502 47.0477 49.4962

4 23.2019 47.0622 49.498

5 23.2229 47.0575 49.5017

6 23.1902 47.069 49.4967

7 23.1014 47.0595 49.5093

8 23.2071 47.103 49,5177

9 23.1882 47.0767 49.5254

10 23.1002 47.0615 49.4792

11 23.228 47.0746 49.474

12 23.112 47.0953 49.488

13 23.0673 47.1781 49.635

14 23.1341 47.3299 49.7177

15 23.1907 47.3971 49.6847
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