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Abstract

In this paper, we develop a method that changes the resolutions of images in an arbitrary block transform domain by
using a filter that suits to the characteristics of the underlying images. To accomplish this, we represent each procedure
resizing images in an arbitrary transform domain as matrix multiplications and we derive the matrix that scales the image
resolutions from the matrix multiplications. The resolution scaling matrix is also designed to be able to select the
up/down-sampling filter that suits the characteristics of the image. Experiments show that the proposed method produces
the reliable performances when it is applied to various transforms and to images that are mixed with predicted and
non-predicted blocks which are generated during video coding.
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III. Down—sampling on Transform domain
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0.7071 0 0 0 0.7071 0 0 0
_10.7071 0 0 0 —07071 0 0 0
- 0 07071 0 O 0 -0.7071 0 0
0 07071 0 ¢ 0 07071 0 ¢

rans _ (D;rms t'

123 up-sampling matrix= U

Haar filterE |83 Down-sampling matrix
2 (HEHH
T: Oyx4
.D — T . fopat 4X4 4
4X8 44 f4><8 l: 04)(4 ﬂx4
05 0 0 0 05 0 0 0
65 ¢ 0 0—-05 0 0 0
g 05 0 0 0 —-065 0 0
g 05 0 O 0 05 0 O

183 yp-sampling matrixs UFPE = (D)t
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28 3 chekst transform domaintl A Down-sample$i 32 up-sample® SAt 8 YAlate] X0l YAHCIF 352x288) (a) 4x4
real DCT domain (b) @AFEF DCT domain (¢) 4x4 Hadamard transform domain

Fig. 3.
Hadamard transform domain
()]
a% 4. Interfintra blockE0! E8=0 up-samples ¥4t
ofi M up-sample® A4 (c) JSYMEE FZF ¥4
Fig. 4.

Down-sampled and up-sampled images at various transform domains and their difference images from the
original images. the image size is CIF(352x288). (a) 8x8 DCT domain (b) 4x4 Approximated DCT domain (¢) 4x4

©

(@ =7| QCIF(176x144)21 & A4 (o) Mot 71Oz w5t oo
oA up-sampleE At
Up-samied image with interfintra blocks {a) Original imagel(QCIF 176x144) (b) Up-sampled image of proposed

scheme in transform domain  {¢) Up-sampled image of JSVM in spatial domain

3) 2AEE DCT FHO M2l up/down—sample
matrix
&8 ZAbE DCT A4 Y9elA Up/Down-sampling &
3t matrixis T o] Fabe] o) ofefellA
Tysa® Ty 4x4 A8 DCT A9} 8x8 2ALs)
DCT AFo]th.

A5 filterd ©]£3 up/down-sampling matrix
A (10025

(467

Tt 0
trans... rrtrans 4x4 4x4 | ¥:3 VA
D4xs “E;xs ) TBXB : ) Tt ‘{D4><4 D4><4]
4x4 4x4
4 0 0 0 L 0 0 0
v NA
L S + S S LSRN S S S S
V2 1TVE 342 34vs V2 1TVE VI VR
i 1
0 — ¢ 0 0 = 0 0
i vz
LA L D - il . 191
V2 345 31v2 1TVE 342 MvE 3vVZ 17 VE

18] 3 down-sampling matrixis U = (D),
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Haar filter& ©]-83% up/down-sampling matrix S o 543 44 PSNRE H|adt}h PSNRE %3

2 (DEFH g A5 AHE transform® coding gaindl #H-$-% 7]

0 WEol 7P -8 45 Bole A5 8x8 DCTY

DTy=Toq* f5 [0::: 7| =P Dl transform coding gaino] A F 471e] W WH Fol
. 1 . A Vg mgdelge g & 5 9a

3 000 5 000 FEZ AL DCTY B¢ Add Fel g Lol

1f %% % °x% A Down/Up matrixs 7128 714 $5% 4%¢ W)

0 3 oo-l o3 o L = 1 S Park 9l Sl 204 scaling

__1_ 1 O—i l i O——3— Wll:ldOWQ]' 2’9\}‘9.‘?‘],‘1)31‘1( Hc}"?jg_i-/‘a]ﬁ?} @IL]-Q]- Z'ﬂ

T e oz AYY Az FYdve AL ¢ 5

Qo mEbA Ak 718 DCT domaindl A 4184
AE A5 Yepdth =3 2413} 4x4 DCTS 343}
4E A5 AT 4x4 DCTol vj3le PSNRE 0.1dB¢]
Zo)2 FAAY AL o] HA Ferh wWEA
g dhae ZA3 DCTA%E FHerkssitdes AL
¢ 4 9tk Hadamard transform& 2-&3t9& 244
7129 Haar filter2 J% YFolA4 Up/Down-
sampling3t$& W A9 2L ARE AU ol&
Hadamard transform®] kernelo] Haar filterE 7]&2
2 3o AAEHY] wiolth. 2222 Hadamard
transform®] 7o iAoz 2 PSNRE A4}
£ R Hadamard transform¢ Coding gain ©H&
transform B0t ¥7] W&ot} <29 3> Ed€
A zolgaS HoFErh SamplingQE S low-pass
filterE AHE-3}917] WEol S48 AL 4y F
2 edgeft#olA Aol7} EAEY TgoA BFo] )
WHE 71HE transformel F@glo] Mty oz A4

T12] 3l up-sampling matrix® UE% = (DFe)!

V. 4 #

N

Ag o] thekd transform domaindllA A%
Hgo] 7sds HAF7] 8 A5 8x8 DCT, A+
4x4 DCT, 24}3} 4x4 DCT, 4x4 Hadamard transform
2 Hgd g4 dgtd J&339 2 transform
o t3t Down/Up-samplinge 4 33}= matrix® 5%
A Aed iezr Atk 2E BHS AY IR
& Mg oA down-sampledt THA] Hg g A
A up-sampleste] € G4 HAEE BEYsAT A
#9439 Frie CFGR2R)E g Ag 94
codec®] A%& 73] A BHHOE ALS
He AER A <FE 1> AR 7ol ok
3 transform domainolA 4T WMol JtsdE B
o]7] $18) Z+ TransformolA] low—pass filterS A3

lo

flo

E 1. Transformoll 2 Up/Down-samplingstod S datal fledalel PSNR (dB) ®|w.
Table 1. PSNR comaparisons of original images and up/down-sampled images for each transform

domain.
Park method Proposed method
8x8 8x8 4x4 A3t 4x4
Real DCT Real DCT Real DCT 4x4 DCT Hadamard

Foreman 332131 33.2131 32,7333 32.6034 29.8541
Bus 27,6952 27.6952 27.2969 27.1504 25.67%
Football 28.4780 28.4780 277458 276321 25.6318
Harbour 34.1334 34.1384 32.2251 320213 28.0663
Crew 38.1715 381715 37.1540 37.0625 346166
Soccer 31.6000 31.6000 31.0262 30.9521 29.4803
City 30.3378 30.3378 294730 29.3751 28.2834
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A83t7]  4sted  H.2647]¥F  SVC(Scalable Video
Coding) #3338 SAHE F4E 28 4x4 DCT
G oA Up-samplingatAth™. 1264714 SVCe} 2
o] JAAF 9 43 A E(correlation)?t H& ke G
Aol )= inter blockoli: up-sampling HE]E Haar
filterZ AHE3I 1, 94 2159 YA AFoe] of
BB =431= intra blockdlly VAIAM 3 ATt
Ay At <ay 4> H2647I8F SVC
(Scalable Video Coding) #3534 A== G4&
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£33 A¢ 71 o2 Up sampling® & ¢ ¥ glsto
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A 4-tap YESY Haar filterE: AFEES up-
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9] SVClA up-sampling3hy= W %, 3t 922
A gstn, oA F GG A up-samplingshe
7 F gz 9uF A ga UF FHA
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up-samplingsti= Ao #thi= A& HoFE. 13E=E
Ak 7L 71Ee] whiHEY B B¥E F U
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