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Inter—block filtering and downsampling in DCT domain1

A. Neri‘. G. Russo". P. Talonel”

‘ L'mtt'riiri' u/ 'Rqu' III. Rumv, I/u/i
hI'mulu:imu' L'gu Bun/um I'm 8 ('m/iz/mm 5‘). “0143 Rome. lm/i‘

Received 16 December 1992

Abstract

The extensive use of discrete cosine transform (DCT) techniques in image coding suggests the investigation on filtering
and do“ nsampling methods directly acting on the I)(‘I' domain. As DCT image transforms Usually operate on blocks, it
is useful that the I)("I filtering techniques preserve the block dimension. In this context the present paper first revises the
intra-block filtering techniques to enlighten the limitations implied by small block dimensions. To overcome the artefacts
Introduced by this method and to satisfy the filtering design constraints which are usually defined in the hiurier domain.

inter-block techniques are developed starting from the implementation of HR filtering. Inter-block schemes do not
e\hihit an) limitation but their computational cost has to be taken into account. In addition. hybrid techniques. using
tariable length F IR filters after the discard of low order DCT coefiiucnts, are introduced to increase the computational
etIicienci; in lhh case. the introduced aliasing has to he kept at tolerable values. The amount of the tolerable aliasing
\IFIL‘II) depends on the subsequent operations applied to the tiltered and downsaiiipled image. The numerical examples
reported could form a basis for error estimation and eialuation of trade-off between performance and computational
completit}.

Kl’l‘ nun/x. I)I\CI'L‘IC cosine transform; Block operation Filtering: Downsampling 

I. Introduction

Filtering and downsampling of image signals are

basic operations normally performed in image pro—

cessing.

‘(‘orresponding author. Tel +39-6-54XIHJNI. Inn +3‘}»b-
SJXIMJIN

' [his work has been carried out in the framework of the
agreement between I'nnda/ionc Bordoni and the Italian PT
.'\t.imlnlSIrtiIlun.

0971 Sam 94 8700 C: tW-t Iflsei'ier Science B V. All rights resencd
SS‘DI 0921 S‘HsipltflltHH'KD

'1 his is. for instance. the case of spatial scalabil-

ity (cg. MPEU High 1440x1152 a» C(‘IR 601

720 x 576 => M PEG SIF 352 x 288 [2. 6] and

JI’LZG Progressive Hierarchical Mode [7]l as well

as of chrominance downsampling (cg. (‘CIR

4:4:4 ->CIR 423:2 :> MPEG 4:2:0 [16]),

I‘iltering and downsampling are usually carried

out in the space domain by means of FIR filters.

However. the extensive use of DCT techniques in

image coding suggested the investigation on filter-

ing and downsampling directly in the transformed

tDCTt domain. As DCT image transforms usually

f 
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operate on square blocks of small dimension (8, 16).

DCT operations are usually intra-block oriented.

In particular, the above mentioned operations can

be realized as matrix products [1.5.8 10.12.13].

The possibility to combine into a unique oper-

ator (acting on spatial or transformed blocks)

a series of block operations such as direct and

inverse transforms. intra-block filtering and down-

sampling was demonstrated in [l].

The matrix based operations allow to directly

produce

— the DCT transform of a filtered or downsampled

image from the original image.

~ the DCT transform ofa filtered or downsampled

image from its DCT.

, a filtered or downsampled image from its DCT.

This paper presents a brief review of the intra-

block filtering methods in DCT domain and dis-

cusses their performance.
Then,-in order to overcome the intra-block tech-

nique drawbacks, an inter-block filtering method

and some hybrid techniques are presented and dis-

cussed. The use ofan inter-block technique is neces-

sary to satisfy the filtering design constraints which

are usually defined in the Fourier domain.

All the above-mentioned techniques are present-

ed in a context that aims at preserving the trans-

formed block dimension; this means that. manipu-

lating image blocks of N x N pixels, a transformed
kN x hN macroblock is considered as a set of (hk)
transformed blocks of dimension N x N and not as

a single kN x hN transformed block.

The paper is organized as follows. Sections 2

and 3 report a concise review of some basic con-

cepts and definitions regarding spatial filtering,

downsampling and DCT transform. Moreover, no—

tation used in the following description is introduc-

ed. ln Section 4 a method to perform spatial down-

sampling in DCT domain is presented. Section

5 presents a review of‘the intra-block filtering tech-

niques in DCT domain and illustrates their perfor—

mance. In Section 6. an inter-block filtering tech-

nique is proposed and its properties are discussed.

Finally, in Section 7. hybrid methods to increase

the computational efficiency of the inter-block

technique are suggested and their performance are

directly derived from the results illustrated in Sec-
tions 5 and 6.

Page 5 of 18

2. Spatial filtering and downsampling

Image filtering is usually carried out in the space

domain by means of FIR filters. Simple methods

based on pixel averaging are reported in [6. 7].

The well established FIR design techniques allow

to easily satisfy the frequency filtering constraints.

As a matter of fact. these constraints are usually

given in terms of templates in the Fourier domain.

For instance. the template for insertion loss/fre-

quency characteristic of the CCIR recommended

low-pass filter for the 4:4 :4 =>4:2:2 format con-

version is reported in [2].

A usual method to perform spatial bidimensional

2:1 downsampling on an image is to serially oper-
ate on columns and on rows.

Executing a 2: 1 column downsampling on

a N x 2N block [g] means essentially to assemble

an N x N matrix with the odd columns of [g].

The assembly must be preceded by a low-pass

filter on [g] rows to reduce aliasing efiects on the

downsampled image.

Similarly, a 221 row downsampling on a 2N x N

block [9] means to assemble an N x N matrix with

the odd rows of [g].

Obviously the choice of odd columns or rows is

a conventional matter: the operations on the even

components are totally equivalent.

3. DCT operator

Let g” be the r'j-element of the N x N image block
[g] and G... the tic-element of the N x N two-

dimensional DCT [G].

As well known. G... has the following expression

[ll]:

 

2((u)c(i> N l” ‘ (21' + HurtG,,.= :4) 1209.] cos—2N
(Zj + llvrr

xcosT (l)
where

(M(v) {WV/2". if u.v = 0,’ _ 1, otherwise.

u,v=0,...,N— 1.
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