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(The Technique of Blocking Artifacts Reduction Method
Based on Spatially Adaptive Image Restoration)
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Abstract

In this paper we propose a fast adaptive image restoration filter using DCT-based block
classification for reducing block artifacts in compressed images. In order to efficiently reduce block
artifacts, edge direction of each block is classified by using the DCT coefficients, and the constrained
least square (CLS) on the observation that the quantization operation in a series of coding process is
a nonlinear and many-to-one mapping operator. And then we propose an approximated version of
constrained optimization technique as a restoration process for removing the nonlinear and
space-varying degradation operator. For real-time implementation, the proposed restoration filter can
be realized in the form of a truncated FIR filter, which is suitable for postprocessing reconstructed
images in HDTV, DVD, or video conference systems.

=2

I.ME T} G % e =y =3 9y
52 FAF] BFEoEsA] A=FA =9k
g4l T 8 R 5879
of gt &7vF ZRdel wel Fex g=o0 ntle sMiEle] HTle £ diE] TV o

*IEEE, YO EF TR
(Dept.

s R

A
L

-85

of Electronic Engineering, Chung-Ang opAl 3 ik

ol golx AuEge] EAl] Wo] w

University.)
# B od7e G Sk A7) 27|
(96-0102-14-01-3) =48] =4 sl 3=

sk
BEHT 1974E11A5H, FAkEY: 19984F8R26H

(1702)

A 22 ol TARI MIDCT)IS A4
Sodope] haaAeld g AMgEe] & 4% 7ol
o dubeE B& YEES P e A
A ol ZAle WE ASe) Ao F8aA o

FE o] Bl eRd s el T

flo



19984 127 ETFLBEHm

A R E A3} sjelE 9% H261, AR 9%
< $13 JPEG, 5433 X" AA vicjels]
g MPEG-1, tiXj’ HD TVE #3 MPEG-2)&
2 ouA] hEEE HE B8 ol IRl WIS
Apggiep

azhd & 58] A ofHele whde] &4
shedl 2Ale] HiZ EFE Al Edso] WA=
223} dyolch o EESF AL AR szt
A% FAE 23t S/ B9 Ao
% 3] wEel e,

olelgt bl Al H|E &8 FolA fow
A FA BE3 dAS AAE] fE o] A
HRAlSo] Akl

i) BZAle] A el AFal g3} del=Ele A
ke A Bl
Projection Onto Convex Sets(POCS)et Al
4 Ha AFCLS) o]ol TAF S w
Apl2a1
A e - A Alelelld]  Mean
Squared Difference of Slope(MSDS)E A}
43l AC AlSZ sk w0l
iv) A A g WO“ A% #4897,

i)

iif)

A7) 53} el A2 o FhH gt o
AL Qo] ol ¥EE ¥=d B 5 le e 7

23 glek ey mFst Aol %ﬂfﬂi g3l &
diglo] odate] E3#]A ek POCS &2 CLS #
2 ukEA HEE Qs A A7) 77}6}711 Sii=ag
A AAZE Aels AgsiA] ¢tk AC &€& W
He HAs Aol gloiA AxtAe] v EAtsled
iial Azke] ZHojzlel. A3} Wl AT AA A
oy BE3) dabo] gleiAle v o Pl

A3E 7HAE 5= Qlek

B =Eo oo Adg3 FAPES sds] 96
HE o4l 3Alg) MRk ZAR $HF At iAE
23 gAS AAEp] 98 3 A8A 3% 9
A B gelE Ak

e Ry gzke] NeE goksld ohest 3 2
Aollxle B33} dAbd g 93 2ds rlesly,
3dolMe HeA 44 54d dalEE ARtk Al
A AFE A% FIR 8L 484 7lgsia Ad
Aste} Age 747} 54, 6"l Agiich

(1703)

3+
B

E BB E SR FL2W

47

0. 253 4o F3 29
obfi= AM due]Fe] f=E Akl s
Al NN e a(mome] LA HER Rl
Aelch
=[x, % ..., X, (1)
B

A7 k= HNB+q o we 28 Lelaie} Aol
(h @A BN A AoE Y FeXSe
el Zelek

B2 X,
B8
Bl x
x x
"71, N N/B B2 X
Xrm o1 Xrwvs ez | Tt >(2N/B j E——-——J
| P
4 -
| b
N/B8 —
o | N « )
B2

F‘(N/B)2

a7 1. BXB Z7] dAake] A3 He] 88
Fig. 1. One-dimensional vector representation of
an image for BXB block-based processing.

BE-olit T Mle] AT U5 BT 49
33} male ofefe} 7wk

y=C"'D7'QCx, 2

v & BE-olk TAQl WH A%e] dxs} Aol
dao] AR B7 B b C 9}

boEAlel @8 Adsh o olb 2]l B
s D A7t dAset o P
Agoleh, 44 (@l sl BF cololzde 2
% 20 vpehick

Degradation phase based
on the BDCT

JPFC ’FQ 01}

i
‘ Restorat- i
‘ ion phase ‘ N

H el ¥

_

28 2. &5 o4t IRl
AAe] 4
ofoj el

Fig. 2. Block diagram of the image degradation-
restoration model for the BDCT-based
compression reconstruction process.

Mo TAR 4% 87
8 57 B A% $F o



" T2 AeH J4EYL ol
el Folxl @4k 24 melol AT 9ol
F8 P olelsh 2ol EHA 4 9ok,
el O 0
c=| 0 el 9 EEE
0 0 :
[e]l™ 0
c'=| 0l (3)
0
(]9 [e] ' 27} ola 3Ajel g 813, o
o4t FARl Wik HyHEE FHIY Aoln ==
B'x B olt}. aEla (2)elA ¢ FdS st o
AR dleh e % dikes el A
4 gek
Q=RD, (4)
@l W7l " L = ollie}l o] 3@
[d] 0 0
p=| ¢ L&l om0 (5)
0 0 . [dyg)
B
g71M [ dy] & AZ Pdofct. P A HEe

olejel Aol ofs) At Wb 27 364 wa
JPEG A3t 8 AT (4, o AadEe
ofe) Azt 2},

kD=5
I=(i—1)-8+; I¥IL 1<i,j<8, (6)
1A i) & 27 39 FAR Felld (4, )%
& bl Aok
50 | 60 | 70 I 70 | 90 71720 255 | 255
60 | 60 | 70 | 96 | 130 | 255 | 255 | 255
170 | 70 | 80 | 120 | 145 | 255 | 255 | 2565
7; 96 | 120 | 145 | 255 | 255 | 255 | 255
90 | 130 | 200 | 255 | 255 | 255 | 255 | 255
255 | 255 | 255 255 255 | 255 | 255 | 255
255 | 255 | 265 | 255 | 255 | 255 | 265 | 255
255 2;;\ 255 | 255 | 255 | 255 | 255 | 255

a3 3. JPEG ¢S 33 oAE 1
Fig. 3. Quantization table used for JPEG-based
compression.

(1704)

X
=

23} 2 AA 7% SH

@eIN RE E71% whew) 4k WA A3
ot £& 4% BT Aol wlA, chd oY
dakRlolct. T2l olAe o WES) 2 Sael 1)
9 ANe Sk Am 4¥e SR Aagde
29 £ ok p7E EAE o PR e
¥ 92 Do g wolr)

m. detEl M8

5 o4

=
S =

rie

o] Aok WA sled dstedel 2%
He ¥ RU YwelEE ATk 31eE

Ak BY g5 fEsky 3248dAE BE
A W] aFsigal gelE 7] HE olit
FALS]l HE AGE AMgske HE BE e
Aekghcl.

1. Aksl dwels

H=Cc'D7'QCc =i 3 &

y=Hx, (7

2 & 7304

HE 9% 45 Az 2 % ek et 43
A A T B B HOF AS 248 AW
B OEE &% e AY Ha AR e

(LMMSE)&& ARk 2 AF oll(CLS)Y 2w
2 A 94 AE 7 4wl g2 e
2, wek 8 o] AW I M 2L MLy
S 24% JHAT $548 b ohe 3
Hg w4 39 JTEE olgdle] FET o
e AR A g A58 E 5 g0
aeht AR 2804 A9E AHE 5 o)
At mARl Wl 2A% SHr BT Aol A%t
M He 0ed 98 R 2 Q8 w4y, 32 7}
dabAlsle] FRESIT) ool 27 7hY, WAy o
;}01 23} W4 glolr] S POCSH ke o
Ao]' 31‘%’1 %131%_[248,11] -_5‘—_‘_?_ l:ﬁ:?_]— 7:“_;;\_[5]%_ 04]
she Hxst Gelge] At gk
R wE BEs A e 05344 o
of ik A e dle gich ol e
Jejo] o34} EBelol} Az} wine] efslololt 3
olfolct, mlx oleldt WA wefe] wWe A
| wol Acke A3 Axkdde] BAsthe ol%

Ao

oL R

ofl I"ﬁ'

r.} r[r



19983% 12B EFILBEHH

= 3 JPEGH 2 37 e
o

we E-olt wAl

Al Ak=le] g

Hatel] AR TN &
71 & H.261, MPEG1, 222 MPEG2elM & »i=
go] ol #AA olshrt H £53} bl AR
o m Fdde] AR we &8 EokE 7t
A Qlet 23 £53} &Wol A% A st
&bl vehdis o2 8, ES3F o] w9
AM o sk el As °§E} Az 3 & 5
ek FEAel EE3t dS AA] AT g
A F& HAzhl A Y] 2d
A 7 S gl ek Z3iok ARl A
Ao ol RALE olejdt =’ ¥ S=& B2d
ez =hgic.

olg{dl olf2 aldte] EF-oil Il Wil <
A s GAlA BE3 I A7) $3 ol
A BHE A AAstE ARSske nE 94 B

.
UL——-

A A2 AT el DAY YW 3

29 g
NAzl*<é, (8)

& zA0E
lly— Hal* =0, )

< WEdhe 1 & e Aot

A7l4 Ae 9 59 HElE a2l A 9%
i) Umxg vehdck B = ol g it
Aoluz (9ol diAd =] 7t g 5 glnk
g3} gl YA« BE53 Yol e 5T A
Ay, 283 B o2 GAkEe] (9)d o A"
el axrt g 5 qlek oA A F A a9}
e A& 227 Hade (9dM Rele ZAF
EF AR Eile] ofd 54 guot A fA
Hojo} gt

o] Aol olul dFgF AAH (9] A<
e ok vkt B A dibelr] wieltt

ol2igt WA AEY #A3lke] 4 7y-E Akt
o} o] 7I-& ofl F 7HAStellA

A’ <e, (10
g AT = 7 o s

Iy LA (an

(1705)

£HHE Sk B12K 49

& Haskshs wheltt
71 H & 3 B
712 2 A, = B

Bley o Wk E5 PR °ﬂ>‘l b 4811 k!

et
7B 12 olit 3l HE Alpellr] mFuAdEo]

o] wo] kit grhev] F5% Aolvk weiM H

5 i’ A5a g3 g9e H, 2 8 5 vk St

Mo (9)9] Hashz Al AL ofd & &

23t dabo] gle el A= FRE AR

5 ok
7H 28 WER oS RESPUA A BE

A Adxen Ay A7le A iﬂﬁ;h:} °Cl

M R oAl $% el o8 B9 Avke

ofict ok BE ¥5 7Py A AL ohE

Aol 7)Egict

B2l 2AZ oA R
1 7é°ﬂ A (106 B2 HeA ek _@j}
3t geE 7Rl Mt xd B 2R
7153t
BxB g 7T o, o4t 2ARl Mg Ase
(12)¢} 2] mAg) 2

PR ;2149:(;11 N5)COS “5Ar 2N B(2n,+1)
X €08 57 2N ky(2ny+1)

0<k<B—1,0<k<B-1
0 , otherwise

Clky, k)=

(12)

B2 77171 8x8d W 64719 71 A E

64719 o]At ZARR] W3t A} AR, = o

714 0,1 F 1,0 ASHE AP%—?‘&@ o)7L

72y 49 A oAE JeRich o] Alge vt
Zho] Foizlc)

Chr=C(0, 1) = ,12:0 204x(n1,n2)><c032—7_(§(2n2+1),

Chor=C(1,0) = go §O4x(n], nz)XCOSZL.g(Znul), (13)

o] F Alg-& AM3led 7} £59 oA wakre A
Al o] 2pE] el oixle) gxg BEe bt
gx £9 $4 07745, 45° T 907, 90° T 13
5 z#lx: 135° 7 180° AXE FFEch A& &
ke =l 9l




[y
<
ot
o
2
olo
)

2

>

>
I
n\g

Cver. C hor

.
>‘Yol—’ Monotone

—

No

— Cver sCaor =0 Yes—s
Qal ~1Cher | >0

\/

No

CCver'Ch0'=0 ves— horizontal
;,\) hor|—[Cverl >0

e

No

T iCver|<T1 &

\\ ICuor | <T1

..

vertical

Cvers Chor> 0 & Yes—» 0° ~ 450

W"fb 0

No

Cver*Chor>0 &
45° ~ gO°
~.JChorl—{Cver| >0 Yos—>

e

No

Cvrer«Cuor< 0 &

° ~ 1359
1C borl -1 Cverd> 0 ves— 90

No
v

1359 ~ 180°

J@ 4. ol 2AR) 9B ASE Al A ¢
ik daels

Fig. 4. The algorithm
DCT coefficients.

classifying edge using

V. dAZE H2lE€ 98 FIR 778

31Ae Folzl ¥ el webd & T §)
3 8x8 B o] AR o7t EAgtkn S
3] o|Z Al (2)o] vepd A3t melo] Hga) s
e Sasjel, o WEke sl YA g S T
& % 9] ol 28 6 (a), (b), (@ veht 3
t}.

tholl A FolFolA CLS Hej: AXtare]
Buto] W oy, Wl ARANS o]gsld B
AL Fasiuz dejzalrh T8nE o7t
ol MR EZ F/19 od oA Helo] Bx B
e Fups gete] wRY CLS WEIE ofefe} 7o
Tl

(1706)

< o) g% 223 A4t AA 7y

EFE

C Ve, C hor

Monotone ? Yes-+ D, D, =D,

<>

No

Vertical ? Yes— D,, D, =D,

0

No

Horsizontal 7 ves— D,. 0, =D,

l

No

0° ~ 4507 Yes— D,=D,, D,=D

0

No

45° ~ g0° 7

Yes—+ D, =D, , D,=D,

;

No

90° ~ 13597 Yas— D,=D,. D,=0

b

No
v
D,=0v, D,=D

33 5. 259 53 deE BRse daEE
Fig. 5. The algorithm classifying highpass filter.

H' (kD
VH, (b, DI+ A Ak, DI’
o71M v aFsEs ge] Az oy e
HA& AX AA=E HA A e wEK 33
39 e E Aol A7 dx, 4, 99, 45
a8l 135° o] FzuEk) sigdic) oAl 9] wker
A 2FIET el W] ael 529 g 7}
2% ¢ JES o 2 gEE H4sic

Gelk, D= (14)

' -1 -1 -1 -1 -10 -1
Dm(m.n)=‘116-[—1 8 —1], ‘

D,,(m.n)=741g{0 249

-1 -1 -1 -1 -10 -1
L [-1 0 -1 NEEER
Dh(m,n)=ﬁl‘10 % —10], D45(m,n)=4[ 0 [2) 8]
-1 0 -1 -1
L[=10 0
Dm(m,n)=z[ 02 01, (15)
00 -1



19984 128 BFISERIGE £3B % SR B 12H ol

(a) (b) (c)

a2l 6. %5 53 UeE 2Rshe Gl
Fig. 6. The algorithm classifying highpass filter.

chge ' a8 6o B3l gmelE 9fsjed 7 A
o] A mFubest el py3 D& AT
o2 Wy 2F9ES) Bele A5AQ ez
Ag AEE & YEF (1642 34 78 T 9

o

_ 1Cul - Dy +1Cud - Dy
A= T H Gl 16

of714 A AE A (140 HgspA =Hi=dl, o
A 19 e duie® okxs) ASe 2uigoz
2| gt

o oAl Felo] W ARSI (14)9] B HF
o thesks Ik EA e T & gtk
Qs e 23 &9 Il Y9 ARES
o ogx g AP V|2 AL} 24 <
2 2ut 7x7 Sy FAR eSS ey dERER
S 9% AR 2 o) Al s 39S
2+ a3 7 (a),(b), 285 (0)°l]l Helch

N
N

(a) (b) (©

a8 7. (@) B 29 A% A Zv)e) o
& &5 (b) 7x7 2719 £9Y A 9%
L () ExBE dia Ak 80 FEe
Al JEA $7

Fig. 7. (a) the log-scaled impulse response with
full support (b) the 7X7 raised-cosine
window (c) the correspondingly - truncated
impulse of the proposed restoration filter
for monotone block.

(1707

V. A¥ &0

512%512 #hd Ak 27 2 o g3t mded o
g} AfFE] Agow ghEsl F EyEch 27 8(a)
o} 8(b)-& {1 <dAle qiEE e Bl Aok o
3 #AelA a8 39 JPEG Ak ¥} AMEEIch
% 9% A5 odate) Hix] B At AMdd F
QA dwElEel med GsiE e F M8 Al
24 AT 29 geol o8 Al o] el 7X
73719 93 FAR Q=g o8] Feizlck whA]
gtoz 73 9ol ®al BE BF Al o} Az
g 21E olvixle] 4 BE-S mevh ¥ 102
223} Qo] A3 T A deltt

AokRl B ouR)e} r1&e] FrHA] BE3 dA
A e wlms) B2k 23 112 Reever} ARt
AzsEs Peg Pges Ai® Gaeld® 2
2ol Bl AT o] BE3} i) A3 A
2] gkl 2R WEE dge] BF AAe AR
57| w¥elct 18 122 Rosenholtz®] POCS ®H
o] AT uREA AL AMgsle] 583 @S F
ol odajolch®l wixA wbHe] 2% POCSw= #
B2 A QoA oite] Zuigle] E#AA] ¢hew
AN 223 48 Fgdes Y 4 ok z=y
o] W& AZMe WF Fo] ivshs dHoR U3
o A7 25 ¥4 AAde APIA Lk

23 10,11,12004 F49l GAke] A& M2 vl
srd ¥ 109 B9 dAdo] B53 IE ¢ §
o] AAHEA L AE & BESGE A& & 5 3
v} AXlEES vlwsl9l, Reeved] whHo] Ald T&H
ql Wi At gxElEe AR o FEA Al
Ab #Ho] Aasdiche AS @ & slck ©f AAIF] of
71aba 73k} wpgell Bilal A Aateke oleie}
zc},

Reeve?] HPH-& 7t BxB BBl 9x(4B—4)%
o] AF FAT A4 g4 o] Hasdjch NxN
718 e (DY e B8] gemw %
A% FAT A% BAe] AkERE 9xB-ox ()
o] st} Rosenholtzd] A4S F3b7] Slal 3¢
$J8t whEae 10012k ZFgR 7wk ollA
Aot dely Aol dad Ag st A
FAle] AR 9x N o|th B olal 3AlQl W




o2 7 A A odarRgg
off ARgsls A4 el AN Miog.B ol A
RS 3N log B— N+ - olek Ajerd
die)E-e BE o]4k 3R wEl tisle] A F
2
qet Nlog,B, A4 wlAlgF 3Miog,B— N+-5°

B
SEEER AF B A A
S A%

slgsge] o] 9% N HF BL)
o el DR A7 AR E 10 Belso] gk

CRIEEN

g 1. Reeve, Resenholtz 22]x Agksl w}

wel & Aaksk
Table 1. Computational complexities of
Reeve's, Rosenholtz’, and the

proposed method.

Bﬁkirtxg Computational cost
artifacts
rglj:tc}fé%n multiplications additions
Reeve's _ Nz . e N2 _1
ed 9% (1B—) = () 92 UB-4)x (F) ‘ﬂ
tnﬁ?ﬂﬁﬁz 10% (9 N+ A% Iog o) | 10 (9% N*+ 3N log B~ N+ &)
The o, 2 e L anz ;. NP
proposed 497 N°+ Nlog »B 49X N°+ 3N log . B— N°+ B
method

ol2idt AAE MY, AtH B dele Al

o) o) ArMASIE Bk, oA wEel
2 209 EAol &
% ek

53 ol dAS] AA=NH

T
'1—:7}1‘5

(a) {(b)
(a) 512512 #t 9 <34
(b) 39 512%512 A} P4
Fig. 8. Parts of (a) the original and (b) the
compressed 512%512 Lena images.

a3 8.

o} &%k

5235 A4 AA 7y EFE N
e AP T T
v ' ¢ [P.“ ' ) ! '
r‘, ; [T 1 . -
LI | | .
i RS R S N
(@) (e) H (g)
a8 9. 0 ~ 180 45-_0!]*% A& od Bx3l o7
'r*-rr (a) 2y B = —,, (b) ‘r’Z] y‘i (c) ‘F‘%
a—u @ 0 ~ 45 ﬁ-—%— (e) 45° ~ 90" ¥
= () 90° ~ 1B EE, (g) 135° ~ 180"
5=
Fig. 9. Edge classification result by the

continuously distributed directions in the
range 0° ~180° (a) monotone block, (b)
vertical edge block, (c) horizontal edge
block, (d) 0° ~ 45° edge block, (e) 45° ~
K edge block, ) 90° ~ 135" edge
block, (g) 135° ~ 180" edge block.

a8 10. AlgE B4 FElE ASEle B3 dAks
AAT 44
The block artifacts reduced image by

using the proposed restoration filter,

Fig. 10.

28 11. Reeve®| b AME3lq £E3 dAbs A
A% 94
Fig. 11. The block artifacts reduced image by

using the Reeve’s method.

(1708)



19984 12 BIITSEHIHE 2B SE FL2R 53

32| 12. Rosenholtz®] WS AHg-dled 823} Iy
< AAF G4
Fig. 12. The block artifacts reduced image by

using the Rosenholtz’” method.

Vi. 2 B

B E=Ris BE-oldl wE ke k5
oAb o EAlshe 23 d4e Ao AAY
+ sle 2% a-g—a 4 B "EE AL
ARl gkl 7|HiRY
o2 AAY 5 ok 1
P44 *&1\:} tha Gejzl=d] o]
H gjoln). wieid EE
2} 289 o8 ZeAe daejBel ATEef
z} 7ot} a8lx |°P upale B3] Wigrak o5
Wrale] vle AdAew Hed F oo, = A
g oAt oigl 808 G4k gl F ol W
Fol Ak qiek ™.
o] WelE tixd VCR, VOD, sk TV 85
HDTV A28l z+e $-8oll tlzriel F4= 344
o2 A% 9 F st

o3Are] E
2t %*&4 B %E%

AL AEH ¥E 2F

A2 gd

[1] J. Jeong, Y. Park, J. M. Yim, H. Moon, S.
Kim, P. Yu, H. Kang, and W. Ahn,
“Development of an experimental full-

digitai HDTV system: algorithm and
implementation”, IEEE Trans. Consumer
Electronics, vol40, no.3, pp.234-242,
August 1994.

[2] Y. Yang, N. P. Galantsanos, and A. K.

(1709}

{31

(51

(7]

{9}

[10]

[11]

Katsaggelos, “Projection~-based spatially
adaptive reconstruction of block-transform
Trans. Image

pp.8Y6-908, July

compressed  images”,

Processing, vol4, no.7,
1995.

H. Reeve and J. S. Lim, “Reduction of
blocking effects in image coding”, Optical
Engineering, vol.23, no.l, pp.34-37, January
1934.

Y. Yang, H. P. Galantsanos, and A, K.
Katsaggelos, “Regularized reconstruction to
reduce blocking artifacts of block discrete
cosine transform compressed images’,
IEEE Trans. Circuits Syst. Video Technol,,
vol.3, no.6, pp.421-432, December 1993.

S. Minami and A. Zakhor, “An optimization
approach for removing blocking effects in
transform coding”, IEEE Trans. Circuits
Syst. Video Technol., vol.5, no.2, pp.74-82,
April 1995.

B. Jeon, J. Jeong, and J. Jo, “locking
artifacts reduction in image coding based
on minimum block boundary discontinuity”,
Visual Commun. Proc. 1995, Image
Processing , pp. 198-209, May. 1995.

J. Jeong and B. Jeon, “Use of a class of
functions for blocking
Proc.
Processing,

two-dimensional
artifacts reduction in image coding”,
1995 Int. Conf.
pp.478-481, Oct. 1995.
R. Rosenholtz and A. Zakhor,
procedures for reduction of blocking effects
in transform image coding”, IEEE Trans.
Circuits Syst. Video Technol,, vol.2, no.l,
pp.91-94, March 1992.

H. C. Andrews and B. R. Hunt, Digital
Image Restoration, Prentice-Hall, 1977.

A. K. Katsaggelos,
restoration algorithms”, Optical Engineer-
ing, vol.28, no.7, pp.735-748, July 1989.

S. ]. Reeves and S. L. Eddins,
on iterative procedures for reduction of

Image

“Iterative

“Iterative  image

“Comments

blocking effects in transform image coding”
IEEE Trans. Circuits Syst. Video Technol,,
vol.3, no.6, pp.439-440, December 1993.



54 77

[12] A. K. Jain, Fundamentals of Digital Imagc
Processing, Prentice-Hall, 1989.
1137 7el A Z, WE7) “MPEG-4 <442 33

& % HOEAI)
19979 29 Zolvjstm Ewjost
AR S WA 5

H % Z2OE&R)

1984 29 M-St AleAE
e E}(EAh. 19874 6%
Northwestern Univ. #7]33F 4
. AL 1990w 6¥ Northwestern
4 Univ. 7@]7]_1‘5)- Z1ONY -531}] zg_ol-q]
st 741}7*”"‘@#‘ Hau FAlEels 4AE ¥

g7, VLSI 74 &

N R A

(1710

n=
=

7H

=3 d AA 7 SFE
NAdel A A7, BREFefe) =], A2 A2
3, pp 169~181, 1997.

& W IE(ERR)

¥ 1998 29 FoiEa FAst
ARt SAEAD. A 4

E sk oisk] dxRgstst Malst

A FEEeke 3 H8 Hol

£l s



