25 3Rk

H.C. Reeveand J. S. Lim* “Reduction of blocking effect in image
coding” - IEEE International Conference on ICASSP ’ 83.
Acoustics, Speech, and Signal Processing® ° Volume 8 pp. 1212
- 1215 Apr 1983.

T. Jarske, P. Haavisto and I. Defee » “POST-Filtering Methods For
Reducing Blocking Effects From Coded Images”™ - IEEE Transactions
on Consumer Electronics, ° Volume 40 » Issue 3 > pp. 521 - 526 ° Aug

1994.

B. Ramamurthi and A. Gersho - “Nonlinear space-variant
postprocessing of block coded images” - IEEE Transactions on
Signal Processing ° Volume 34 > Issue 5 pp. 12568 - 1268 » Oct
1986.

Y.L. Lee, H.C. Kim and'H. W. Park » ““Blocking effect reduction
of JPEG images by signal adaptive filtering” - IEEE

Transactions on Image Processing > Volume 7 ° Issue 2’ pp. 229
- 234 > Feb. 1998.

Lakhani Gopal > “Improved-Equatiensfor JPEG" sBlocking Artifacts
Reduction Approach” - IEEE Transactions on Circuits and Systems
for Video Technology * Volume 7 Issue 6 > pp. 930 - 934 > Dec. 1997.

G.A. Triantafyllidis,D. Tzovaras and M.G. Strintzis:> “Blocking
Artifact Reduction In Frequency Domain” - International
Conference on Image Processing Proceedings > Volume 1 > pp. :269
- 272 > Oct. 2001.

N.C. Kim, I.H. Jang, D.H. Kim and W.H. Hong > “Reduction of
Blocking Artifact in Block-Coded Images Using Wavelet
Transform” - IEEE Transactions on Circuits and Systems for Video
Technology ° Vol. 8 > pp. 253 - 257 > June 1998.

D.L. Donoho : “De-noising by soft-thresholding” - IEEE
Transactions on Information Theory > Volume 41 > Issue 3’ pp. 613
- 627 > May 1995.

D.L. Donoho and I.M. Johnstone » “Ideal Spatial Adaptation by
Wavelet Shrinkage” - Department of Statistics @ Stanford

96



[13]

[17]

California » 94305-4065 » USA.

Stephane Mallat: “AWavelet Tour of Signal Processing” :Academic
Press » San Diego > 1998.

Bu® o "ZEwmF Ak 2EER > £36F 0 1999

E. P. Simoncell, W.T. Freeman, E.H. Adelson and D.J. Heeger -
“Shiftable multiscale transforms ” - IEEE Transactions on
Information Theory > Vol. 38 pp. 587 - 607 > March 1992.

J. Liang and T. Parks - “A translation-invariant wavelet
representation algorithm with applications” - IEEE Transactions
on Signal Processing > Vol. 44 > pp. 225 - 232 Feb. 1996.

S. Mallat and S. Zhong ° “Characterization of signals from
multiscale edges” - IEEE Transactions on Pattern Analysis and
Machine Intelligence ° Volume 14> Issue 7> pp. 710 - 732 » July
1992.

. Nallaperumal and J.J. Ranjani®. “Efficient Algorithm for

removing blocking drtifacts ‘in. JPEG -compressed Images” - 2005
Annual IEEE on INDICON™ pp.245 - 249;> Dec. 2005.

Y. Rangsanseri and S. Dachasilaruk > “Filter Evaluation In Image
Deblocking By Wavelet Thresholding” - IEEE Conference:Vol.1 -
pp. 613 - 616 > Sept. 1999.

R.A. Gopinath, M. Lang, H. Guo and J.E. Odegard -

“Wavelet-Based Post-Processing of Low Bit Rate Transform
Coded Image” - Proceedings. ICIP-94 - IEEE International
Conference on Image Processing ° Volume 2 ° pp. 913 - 917 > Nov.
1994.

Zixiang Xiong , M.T. Orchard and Ya-Qin Zhang > “A Deblocking
Algorithm for JPEG Compressed Images Using Overcomplete Wavelet
Representations” - IEEE Transactions on Circuits and Systems for
Video Technology® Vol. 7 - pp. 433 - 437 > April 1997.

S.Wu, H. Yanand Z. Tan> “AnEfficient wavelet-based deblocking
algorithm for highly compressed images” - IEEE Transactions

on Circuits and Systems for Video Technology® Vol. 11> pp. 1193
- 1198 > Nov. 2001.

97



[22]

[23]

[28]

A. W. C. Liew and H. Yan> “Blocking artifacts suppression in
block-coded images using overcomplete wavelet
representation” - IEEE Transactions on Circuits System Video
Technology ° vol. 14> pp.450-460 > Apr. 2004.

Alan Wee-Chung Liew and Hong Yan > “Blocking artifacts reduction
in JPEG compressed images using overcomplete wavelet
representation” ° Proceedings of 2001 International Symposium
on Intelligent Multimedia, Video and Speech Processing® pp. 129 -
132 > May 2001.

A.W.-C. Liew and Hong Yan > “Blocking artifacts suppression in
block-coded images using overcomplete wavelet representation”
IEEE Transactions on Circuits and Systems for Video Technology °
Volume 14 > Issue 4> pp. 450 - 461 > April 2004.

R. Rosenholtz and A. Zakhor >  “Iterative procedures for reduction
of blocking effects in transform image coding” ° IEEE
Transactions on Circuits System ° vol. 2° no. 1° pp. 91-94 >
Mar. 1992.

Y.Y. Nikolas, P. Galatsanos and.A.- K.- Katsaggelos -
“Projection-Based:Spatial ly Adaptive Reconstruction of

Block-Transform Compressed-tmages” /> IEEE Transactions on
Image Processing ° Vol. 4> pp. 896-- 908 > July 1995.

S.J. Reeves and S.L. Eddins > “Comments on “Iterative
Procedures for Reduction of Blocking Ef fects in Transform Image

Coding” - IEEE Transactions on Circuits and Systems for Video
Technology - Vol. 3> pp. 439 - 440> Dec. 1993.

Y.Li and W.Chu > “A New Non-Restoring Square Root Algorithm and
[ts VLSI Implemenations” - ICCD ’96. Proceedings. - IEEE
International Conference in Computer Design: VLSI in Computers and
Processors > pp. 538 - 544 > Oct. 1996.

Lan-Rong Dung and Meng-Chun Lin > “A Maskable Memory Architecture
for Rank-Order Filtering” - IEEE Transactions on Consumer
Electronics - pp.558-b64 > May 2004.

M. lang , H. Guo, J.E. Odegard, C.S. Burrus and R. 0. Wells > “Noise
Reduction Using an Undecimated Discrete Wavelet Transform”
IEEE Letters on Signal Processing’ Volume 3> Issuel:>pp.10-12 >
Jan. 1996.

98



[29]

[35]

[36]

M.J. Shensa > “The discrete wavelet transform: wedding the a trous

and mallat algorithms” - IEEE Transactions on Signal
Processing * Vol.: 40 - pp. 2464 - 2482 Oct. 1992.

F. Gao,X. Li and W. G. Wee > “A New Wavelet Based Deblocking
Algorithm For Compressed Images” - IEEE Conference on Signals,
Systems and Computers @ Vol. 2 pp.1745 - 1748 » Nov. 2002.

T. Jarske, P. Haavisto,and I. Defee, - “Post-Filtering
Methods for Reducing Blocking Effects from Coded Images” -
IEEE Transactions on Consumer Electronics ’ Volume 40 > Issue
3 pp. 521 - 526 > Aug 1994.

H.C. Kim, and H.W. Park » “Signal adaptive postprocessing for
blocking effects reduction in JPEG image” ° Proceedings.
International Conference on Image Processing, ’ Volume 1 - pp.
41 - 44 > Sept. 1996.

G. Barnard and H. V. Schalkwyk, 4. “Reducing the block-effect
in transform image coding 1= .COMSIG 1989. Proceedings.,
Southern African Conferencé on. Communications and Signal
Processing ’ pp. 97:= 101 » 238 June 1989.

Y.F. Hsuand Y. C. Chen> . “A new adaptive separable median filter
for removing blocking effects” » 1EEE Transactions on Consumer
Electronics, Volume 39> Issue 3 pp. 510 - 513 > Aug. 1993.

R.C. Hardie and C. Boncelet > “LUM filters: a class of
rank-order-based filters for smoothing and sharpening” > IEEE

Transactions on Signal Processing, * Volume 41 > Issue 3°
pp. 1061 - 1076 > March 1993.

P. List, A. Joch, J. Lainema, G. Bjntegaard and M. Karczewicz -

“Adaptive deblocking filter” - IEEE Transactionson Circuits
and Systems for Video Technology ° Volume 13 > Issue 7 pp.
614 - 619 - July 2003.

D. Van der Weken , M. Nachtegael and E.E. Kerre, - “Image
quality evaluation” - International Conference on Signal
Processing * Volume 1> pp. 711 - 714 > Aug. 2002.

J. Dusek and K. Roubik > “Testing of new models of the human
visual system for image quality evaluation” - Proceedings on

99



[45]

Signal Processing and Its Applications’ Volume 2 pp. 621 - 622 >
July 2003.

ZhiMing Zhang, JeongHoon Park and YongJe Kim: “A novel
deblocking algorithm using edge flow-directed filter and
curvelet transform” - IEEE International Conference on
Multimedia and Expo. > Volume 1 pp. 683 - 686 > June 2004.

A. Nosratinia® “Postprocessing of JPEG-2000 images to remove
compression artifacts” -+ IEEE Letters on Signal Processing »
Volume 10 > Issue 10 pp. 296 - 299 > Oct. 2003.

M.M. Hadhoud, M.M.Foaad and H.A.A. Allah, - “Improved
method for blocking-artifact reduction in block coded images

in wavelet-transform domain” - Proceedings on Radio Science *
pp. 301 - 308 > March 2002.

Bam BmgRE-E Alatlab R 2 EHBEEEZ > ST
R.88.

Rafael C. Gonzalez , RichardE:; Woods.and Steven L Eddins > #
AL A R IE-E FIMATLAB L 8B HH3Z ' 40K > L MBTERE > £ >
2005.

Rafael C. Gonzalez and Richard E. Woods - Digital image
processing ° 2nd ed - Prentice Hall > Upper Saddle River -
N. J., 2002.

International Standard ISO/IEC 14496-2:2001 > Information
technology-Coding of audio-visual objects:Part 2: Visual °
Second edition ° DEC. 2001.

R. Coifman and D. Donoho > “Translation invariant
de-noising ” : Lecture Notes in Statistics: Wavelets and
Statistics vol. New York: Springer-Verlag- > pp. 125-150- 1995

100



ek A ~ NEBBREZGREH

Nk s 3k g 7% iMorlet FoGrossmannde o #7 3 B & AR AriT H RAF A
— AR AT BE T B > R I v £ — 8% ( mother wavelet )k >
A Bk ey T4 ( translation )#4E# ( dilation ) A dikey AR H# - 48
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A 1. #&/k#¥%(continuous wavelet transform)

PN A — A B P R Bk A B — B o a4 R B pLBE P4 RFIEAE 3T R
#ARML > a RowRE(scale) 58 - RAFA A R BMBERME D Bk
BOSZE R e 8 o JAEIR AT H TH (square integrable) » &= 5
f()e L*(R) » £+ L*(R) (&T# AlHilbert space )& =rAiH T3 E B+
TR e BB R e R B R AR A R (D) AR AR R ¢

[frdr <o (A-1)

gl f(t) # w(t)FtEeyCWT(Continuous Wavelet Transform) # 5T £ &

a

N
W(a,b)=[" f() y/*( jdt (A-2)
T

HEF af b HATH Y RENELRGHE TUSHERLOEREANE

%Z%ﬁﬁ%%ﬁﬁﬁﬁﬁfﬁMWﬁ%ﬁm%%yd”ﬁ%%ﬁ%ﬁ%ﬁ%
(fpl4oi€ &) o b 48§ Wik SR A H BAZ-FATH 8 > a 1E A48 E 54858 & B 1%
M SRR o BILT LN RS F T AFEE[10]:

a. % »yr%(multi-resolution) » .7 % R & (multi-scale)ey 452 » =T
VA | 0 R 4 db % 5 R B UR

b. TTERRARAEGM LY () 9 FRIE K B E REaT #H33k M
T

c. g B FO N o RVTA B ~ JRIBER B A R ABCGRIR B SR 45 LY AR

FRMAATRAT AT
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1 _
W, (t)= —w(gj (A-3)

g "\ a

1
(&£ ?i%ﬁﬂb%f RAHTRAETHEST —TME)
a

A KA-2T A E 4

W(a.b)=|" fw,, (1)dr (A-4)
HEafkk T4% E(dilation variable), bRl X & F# &(time shift) - @
w(t) K&k F 898k (nother wavelet), BZEH T 3454 [11]:
1. x# B ey AL
[Ly@adt=0 (A-5)
F b H B AL & T A REh & & ik (oscillatory waves)

2. F I Fan AR IR

[Tlw@)F di<eo (A-6)
3. T v (x)dx=1

FR W 0| PTG A B s KR R ARK, TR BR AR 1B A e I A 18 ) 1A
RERAE.

FRA W (X) 8y B & Rk Ae — 1B/ e R o e ik AR & B iE 8 1R
KRR F B R o B b AR A PSS D S8 AR S (x) s B

BB R 3 > BAI AL S8a SR AR A GEE > M ERARSBY(x) Gz

t
W(—j Eﬂ*"‘)bﬁﬁéﬁ,t%/; 7 T fR A5 RSB (norm) 4 K AE ZARIF R4 -
a
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AANETURTHIAI mAERF VLN BRIGRE AT HRL
B BN NEBRBREALLERA TSRS ARG E R AT OME R AR
EERBRAFR o TEA—LW(r) AR HAG L EHkay ] F -

(a) & 318 (Mexican hat) Nk :

2 %18 (Mexican hat) ]Ni& & & #7(Gauss) R#ay — M E 3 380N Rk
KRR ZHERE T 6 % REE 4% (edge) Bl B A€ kik 2 BT a8 @ m

14 e R AR RE &E(scale function).

2 2

(— =1 eXP(

V(D) =—— /J_ .

_J8cnh . o'w
y(w)= Ta) exp(—

(b)Haar:

(A-T7)

)

Haar &8 o P RTF B —EIEN & 23, LA REEY—1E
kR, RN [0,1] 5B R ey EBER K. Haar /)R 12 BRIk N & R i 4k

by, BT AR By KRNI RE R R A B4, (e tb b B T eSS, W [10]:

QY () Rty (2D je ZIEX, Bi g TR BESR, Bp
[y —ikydi=0,ke Z.

LT & Haar )N ik & B 3k fu SR 3%k & T k.
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1, OStS%

w(t)=1{-1, %£t<1
0, otherwise (A-8)

(W)= i _;ﬁsin?(VV4)
yw)=je *— 7
Y

(c)Morlet :

Morlet /N 3E% A RE kEt, B & JEE R AR,

(t)=e™e?
v 2 (A-9)
—(o-ay)
v(w)=~2me *
(a) Mexican hat/[NEz B8 (b) Morlet/|NEz B
(¢) Haar N EEERE (d) Haar/NE7 B

B A 2:—bo ey R & e FL il 3
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A.2. E#olkgik(Discrete Wavelet Transform)

BAURBRBUOARAEA  FTHFEEEZHARE N ARG X ASETR
R BB EE RGO R EBEAN I B EL —ARBRSARE
G BIE o o R RERIEEE R 8 — N ER o 0 DA RER o BF R BE 0 F e A R R R £ AP 88
IE > BEFIERKEEM - B3N RERIE(Discrete Wavelet Transform @ £§
MWD EE A E A Nk iney Kt o

B (A-4) X 7T 243 4

- 1 .(t-b
Wa.b)=[" f()—=y dt
AN

Sa=a),a,,d ... al;j=1,2,....N

& REMA a) 150 » BohFIREM a5 BbBARM BT Rk A a) - —
1B B 2K 04 8 o A B P A Apdl oA g AS AT B kAL > B O B R b 00 g 2 B Pk
¥ G Bk RAENyquist Bk R R RT AR E KA o URRBEITH
BALR — BB ey B k> B ARISH] 0908 eI e RAEFF AMYE
o BERBEER - —MEALT > BRal = 20 S FENSH > L AFAR

A3t E M L AT R EE. A ARIIT SR W (1) R A

v, ()= aﬂwﬂiiﬁfj_q?wmyr4ﬁ) (A-10)
a

0
B TN RS BEA TN EGRIARE>PE > RIMRAARNT LU S a
Fob B9 RN 0 B THE LR FHE  —REFARA &S BB, BF 4

a,=2,b=1, o st R (A-10) K T4F =it Hl s #00 k ey Fom R

v, (=2 yQ -k jkeZ (A-11)
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BRI B3R X B RO — B3R o AR Ak 1 %2 F] (Approximation Space)#=
ta i %2 f (Detail Space) » H o » 304 M oL AGRIE AR T RAFAEK E
ZOHIR. RV, REGFEMER > VAR — AT b R4 HIRATER
Re) BB ERAIFZ RS WTFAR] RFARESHM | AR LAEERY
FRAT B AR e

AR AR AB A E BV Y, A2 ARAEAR ] e AR A AT R R AT B & R B AR
eV, ducV , 2 RE e — B 2B, B EZERRATROESEBR A
ZRW g 2RW RAMZERYV, £EMERV B EIHE AR
V. TomsmEgtais ez F4£46V, W,

V.=V .@w (A-12)

Gy Br—1ExE L(R) ) AlA — B RE (scaling) & # P(1) 1543 ¢
L (R) t4 7% M543 — 1B 42 2 T 75 60 F 2138 (Bp 3% 421 22 4 (Approximation
Space)) o RE&HHE () TAAKBIE > ™ E— /&) S8R EEP AR SH
w(t) (Bp st 22 Rl (Detail Space)) o # AT bk -F i 69 F3R3E B & 838 4% Tk fn
T 00 R BB it — 3 o MR fa 86 30 0 0 397 F IR AL 0 AR UL S BREAT T R4
BRIEAIRE A B~ BT EH -

EBMAZRRIEF  —EFRRBE [ () &FTUHETRIEELEGR

0 R

fO=Xawy ) (A-13)

(k: integer, a, Z—EEHHK ¥V O)ATHIHE).
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o R EXRok— BB R B EARKR. & TEE Ly R, —BAH LER
B A E S B, B
(v, (0. v, (1)) = [w, (O, ()dt =0, for k # 1 (A-14)
BB 4 e a, 18 A & AR B
a, =(fO.w,(0))=[ fOw, (0)dt (A-15)
UFourier series A3 > ERXRAKJEY, (1) #Asin(kayt) f» cos(kayt) , #
wavelet &k, — B (A-10) e L8 & X0 F

fO=22a,y,® (A-16)

BAL) Aok #RAEE W, (OB bk (wavelet) & B o 3B HEA ERIKL
P SRRk RBAR M a, (IR A AR B TCE) BB R

A.3. Mallat eyPri/higmEix

AT R MR OF A T $ R A ERIE(nulti-resolution
signals) | » FIEF B A fata R E &Y " ARMT | 5 SRR BB Mk EMFAT %
AR | 5 ARARMT AT R E A R BT E X B IMERIATIR 0 S AR AT R E AR
GALEI 22 B 3R B HRIR - M NIRRT U A S HAMIRAE S R BT R AT &
Eo)—REHETA -

AR BN kigia T ol —i2 &R E &N E 2R (nulti resolution space)

V, nggimi ik r s RO Y S BA—EEHL(R)) migkFEMV,
R B
(D) &ash @ - V,cV.cV,cV, cV, -
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— HEATER)  AEETES) -

@z (V,={0}L,UV, =L(R)

ez pert
(DHREM :f(eV, & fQ2neV,,
sV, R O(0) JEFR 4 b BCRSR E A A 5 — I AR AT 4R T X
MW, 444
V.,=V.@W.,V, LW, (A-17)
Durrst wV, TomaV =W mEsem; Rz =W aes s

BT &RV, 2H. wikkimym AV, TiTh

V.=V, eW,

j+l

=V ®W_ )ow,

(A-18)

=W OW  OW ...
GRV, EMT @AY, FEMBW | FEMGERF o AL

W asnV, - XBAV W REEE®TRW,, aW, bEiEh &

j-1
SRR T I S B tm B T Rl iB L EH 0 BP

W, ={0} (A-19)

sbBr & % & @b 4 (Multiresolution Analysis) &g 4.
MallatE B {36 0 A SRR Z T, RBE S M E M ER, RE T

INE SRR EAR YRR B R Ak AMallatE k. B k4T FRFT A A ek
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FegAL. b — 88 S EARATE AT, TAF

Pfy=2a ¢, 1) (A-20)

Pf() 2t(O# @, (1) 4% %.

Bf()=>a" @ () (A-21)
HR

a" =(Rf0).0,,0)=(Rf©).4,0)

=X(4,,(0.0,(1)a" (A-22)

T 3594

(0., (0.0,,(0) = E%méw(z — 4 2k)dr = <%¢(§>,¢<r —n+ 2p>> =h,[n—2k]

(A-23)
PR BA 34 % P AR al "
a’”" =3 h(n-2k)a” =a" *}_ZO(Zk) (A-24)
e 5 2 Pl A e d )
d" =3 h(n=2k)x) = d’ *h(2k) (A-25)
 E#%(reconstruct ) B o] LASEEA 4
a,f") — a7 % h[k]+ dY™" = hlk] (A-26)

BA3Fo B A4 71800 T 24EMal lat ek Nk sk 6y 75 7%,

111



Column

ROW
HO HH—

J

Y

A

o 4@
HI —»@7HG—
HO 4’@70H*

J

HI :; :

J

!
T

H1

LEVEL 1

LEVEL 2

EA 3: DWT #ytrig o %

LEVEIL 2

Column

ROW

- HO

- HG—p @%» HI e '
F: 51
—GH—P@‘—V Ho

—GG—»@‘—D» H1

LEVEL 1

B A 4:DWT &bk E4%

112






