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ABSTRACT

In processing images using 2 dimensional Discrete Wavelet Transform(2D-DWT), the method to process the
pixels around the image boundary may affect the quality of image and the cost to implement in hardware and
software. This paper proposed an effective method to treat the boundary pixels, which is apt to implement in
hardware and software without losing the quality of the image mostly. This method processes the 2-D image as
1-D array so that 2-D DWT is performed by considering the image with the serial-sequential data structure
(Serial-Sequential Processing).

To show the performance and easiness in implementation of the proposed method, an image compression codec

which compresses image and reconstructs it +- been implemented and experimented. It included log-scale fixed
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quantizer, but the entropy coder was not implemented. From the experimental results, the proposed method
showed the SNR of almost the same SNR(Signal to Noise Ratio) to the Periodic Expansion(PE) method when

the compression ratio(excluding entropy coding) of 2:1,

15.3% higher than Symmetric Expansion(SE) method, and

9.3% higher than O-pixel Padding Expansion(ZPE) method. Also PE method needed 12.99% more memory space
than the proposed method. By considering only the compression process, SE and ZPE methods needed additional

operations than the proposed one. In hardware implementation, the proposed method in this paper had 5.92% of
overall circuit as the control circuit, while SE, PE, and ZPE method has 22%, 21,2%, and 11.9% as the control
circuit, respectively. Consequently, the proposed method can be thought more effective in implementing software

and hardware without losing any image quality in the usual image processing applications.

I.M 2

2 Helv|r]e] AR gk 7} Z7ishuAd
71 B dlole] oS HR 7 k= At A
Aol gk A7t e $ds] A= gk
U oz" ahmic]e Ase] gk A F2
Al52] ghE g Bl tfs)) o]Fox|aL glow, o]
2L MY L AZE ASshs vE =] &%
3} 7R FA7E Q)

712 dAmTl L AlFAe|e] @ FFo]
o]4k FAel WMZKDiscrete Cosine Transform, DCT)
S o]g3}a glom, JPEGT} MPEGe| 1 tfix=ql
olcf'. e} o] DCT-7]uF dAkstE 7142 8
x8 3li(pixel) HE-S 1 AHE|d9Z ghogx 8
x8 GAEEZ A&Ae FAZ} HAEe B
FKblock effect)S 4}, o] &AL gl5Fo]
7Htel wet o AR Jehss ez o
24 Qo olejgk EAl: T A Az
+ 7|E2 Faks] odTEa s o4k slelEEl W
FHDiscrete Wavelet Transform, DWT) o2 32

F Q. DWTE abe BEom RasA o
T A e 2 Aoy HSAAE A

A¥ 4 Stk DWTs= o] 9ol DWTE! ZAjo] of
3 Fag 5ES 7] 4190, AAd dis)
Tt Feldhs DWTS| Al we} 3
FH= HE 2ER(bit stream)o] 5G] 7
3te "ol wel AFE Y¥EoE HAGALE
2% 4 e S 2a Y ol ol
2 DWT o]v] JPEG 20009] %3 wizhywyos
A4sienl”, MPEG4 <M= U¥- DWTE AH¢
ap7oll o] 2sie}.

DWTE 3ol glofa] dake] shdolut )
&, ag]a sfego]thardware, H/W)= -3t
A Hw el of ol dgke mA 4 e £
A F St dakel AARE skage) AeleA)

olcf* M =4 sso) gk DWTE Faldt wf 2
3t HFe] ¥ 3haEel gk ARE AMEsH =
=l dA7A 7919 Sl digt FAlE o] ke
ol i3k DWTE 3% o ded 3jrus
oG Qerbh S 9 @A S Sl %
Ptk Zeleh WAl AaE dTEe o
/\(]— O:l 1- ] 3}] A]-z;],}}_[_ﬂl-b‘c}:_i 1:]]2]2—10] OﬂAM]
ZARchar 7K ele WA g Al AH Symmetric
Expansion, SEyuP® gjakedale] Alslae-z 3]
Moz wjxsle] qckw rHgshs 7714 sk
(Periodic Expansion, PEyPH” 72]5 Abala-s-o

0 gtel ShaSol wiAsle] itk bgaks 0-sha
3}#}(Zero Padding Expansion, ZPEyupy!'""o] o
THAE o5 & A(E)ol W DWT7F
F 2 oS d(@)el iz DWT7F Aj=ke]7] A o
AREE ARsla e vize|2RE " ojik
dolEl S 7hHslol Bb] Wel FALEL EEol
SHW R A W st o b} Sk

olo] & i=iollMi= DWTE ailsh= thakedat
o] DWTE 3dhz Weko g 31458 #Adz o
529l WAE sk ek FERe Ad-as A
2](Serial-Sequential Processing, SSP)H}H-S- A|2kgh
o} o] HPHL 23R <dAkS 1XRIAQ mijd=E 71
= wbo®, shEEel 31 o] A% sl W
HEl vls 3] Ee] gla 7R whgEe)
7R Qe vz F2EAE 4 4 ok &
wrollA] A= SSPHMY-E log-scale 14 <fz}
3}7](quantizer) S F-#slo] A E9o](software,
S/W) = H/W(VHDL 39]-344 4 = +
dsla, ofe] Aol djsl 43S sl 7|E o
753} SNR(Signal-to Noise Ratio), w|xg] %-z3)
o 1|3 H/We] BAlx s nlwsle] 2 4S8
Holch

m[o

. 2x2 DWTY ZAsts 2|

Copyright (C) 2003 NuriMedia Co., Ltd. 619
www.dbpia.co.kr



2 A18}E3] =14 '02-6 Vol.27 No.6A

2 Aol B el sl she 4l
AN BAES AMEldhe el dis] A¥%
t}. ®#], 2x}21(2-dimensional, 2-D) DWTel| tfj3]

1. 2%k DWT

2-D DWTE 1-D DWT®] sgoa ® 4 glo
w, 1-D DWT o]&3l dBE A3l o
A1) wighs S8t

ViD= 25 2k m)h() (-

Yiign( k) = [gi)x(Zk— n)g(n) (1-2)

o714 x(k)+= dAke] spaE dehllan, hEk)e}F gk)
= 2 Add £33 olEsl Hele} i F3
deolEsl delE vehlie, N3} M2 Adjda} 52
o] de] Age] Mg 22 Jepdck A (-1
EE (1225 13o2 s a7 13 3ol o}
bl = gled], o] a3 T Algvl 2F 9709
#HO-tap)S Z= Z2E 7R Zlolrk o] ¥l
A B 3 el N-g] dlolEd FElE AMEhs
73$- ulg3 3 3kae] DWTE $33l7] $l8iA4 N
we] FAlzk N-11e] glAls F34ghch

o]2{3} 1-D DWT= 2-D <dAkel| disl] =} sfn}t
o2 1-D DWTS 7z}z} =888t o 23 2-D DWT
7} egslch. & odAkel o] 2-D DWTE 3)3}
W B 47)9] Axpedie] A==, 7 A
g3} Yol ofs] oS- H(HH), refed-A e
(HL), Add-ae)(LH), AHF-AAF@LL)S &
F}3h ditolck o] 479 Azpedahs BE AN
73S 4 dake] aulel] sl dAddlelEHE A
slojo slng, owbzeg 7 DWTE 433
= 314 F shihs #2]8l= decimationS- 35}
o] DWT Z3} ogake] dlole] k& el 4=t &
&l g} o]¥A 2-D DWTE 3= AaE
18 20 yehligi=d], 13ell= 2-D DWTE
W paehe A9-dE Hellan glch 17k
ol 3Fu AEdr) A Fu Al =wizksichs

Wavelet filter

55 04 o A
ﬁﬁ?ﬁﬁi@ﬁﬁﬁl

Image pixels

— Pixel to be processed

a2l 1. 1% DWT

Zoll Zqksle] ofz] @M DWTE Fashs A-9+=
2 A DWT A3} F 71 AFs ke x3st
£ LLoA] el ke dde adie) o3 29)
2-D DWT HhHS Mallat-tree WHjole}ar g}l
18 3ol Mallat-tree WMo g 3-#¥] DWTE
e A s 7 FdepEE el o]
oA B 0o] 7 e Fulg dlgde )
o], 2dle 108 71 2o Ful dods el
Wi gk dulbdeg Mallattree ¥4}e] 2-D
DWTE L-#¥ 33t Azh= 3L+1 7] oo
o2 ale] Fejsich

2. galel Zisia Heluy

28] 1ol bl DWTE o] AAE s
of g 798 27 4ol Jehiizick o] a9
WA Skl g DWTS sk 488 e}
Wl o, ARle S ol el A% sas
& AAS A BAEA e Sgelnh v
o] 35 DWTE Safohed] uk=A] s,
o2l A g AsES nE Wl B
Aste, AHRElE DWT HEje] FFol geire o]
g shae] o] A9Eck 28 49 A9 o
Welg 7igsldene, odake] & ol i DWT
& S¥shs ol 8709) g pgajelef dck o
woe N-g Helg AHSl nxm dAkg 14
4 2D DWTE 33 3% L 5 1 <2t m)

S AHgsiel Agslelol ek

D -
L{L_}.(T‘ o H ) - ['LLHH
i mal

T2 D

Image

_’l ’(‘l” » LLHL o
L | |
along rows E = l el Resulls
along columns | _ m& ) —-p= LLLH
RO
S 2 T
along rows ’{;L"! » LLLL
along columns
b= level 1 ote———level 2

{ﬂ High-pass filtering L |: Low-pass filtering  ( {‘, 1 1/2 Decimation
| Y

a2l 2. 231 DWTS] 2-#)4 33}

02
1 ]38 .
4

T2l 3. 3-# 2-D DWT Z3}

Cgpyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



= | DWTE o] 83 A5 97 A stae] Avbaiel Aejuby

2.1 718 &ZH(PE) 2

g =ZHqle] daks Aed o cakdAt B
g Gato] AbslEgel 2t EAldcl Y
=, olzidt s F71% FHHPE)E} 31
Bl 2% 5 (bl vehlgdek 5 o] wbHe ARyl
ERxe} zho] ] Wik @ eIt <dAto] ukExl
cha 7R} o] iy shdBgle] Fhsdt Rl
g wew oA glod” Be gaioli
o] W& AREsla glck o] Wb SEek:= W]
Z3ARE-0] 3fAeS Aelslr] fleiA <dake] b
H gl HRE AMEsng, v Fx3lev)
s Eolud, wimele] Hx: FA7F dEAY
I emz olo digl ale]r]se] Ftw Bes)
c}.

p-¥ AdE3 el q-8) 195 FEE A}
43l NxM <d4kol| djsll L-#¥ DWTE =3j3}
= 7% @1 1edld & o] DWTE $leiA ==
I 950 27t Al gAke vimelEiE Fo)
2 gjojsodof gk g o] AAHRE wE Uy
Hxelo] HAsh= 7S WiFemele] o] wig-
AXBZ Y} vmels pe}t q T Z ANE A
AAAE 2 Zlo] dubHeltt B =i x o]
o} o] 7HAJs}n, o] 79~ 3 AL AHslr] s
A (prq) N9 AR E vneErE R 9
oj5ojof Zhf o]e} 2 A2 HuIEF DWTd
g3, gt o] DWTE SlsiA= (p+q) 70| v
22 77t kR desiel daepd w19
2D-DWTE szt F7ls]= vlme] ¢7] 3l

L
1oy

AM 5. =(p+ M+ (p+ N = (p+ Q)(N+ M)
)

7b ®ick L @M DWTE Saat 7$- #lo] 27}
ol we} A3 o] wE 122 FojEwa 3}
e & ovlxe] ¢y s
AM foi= B Je 0+ DN+ MD
=(p+(N+m(2-2"“7?)

=200+ (N+ M) 3)

o] lck
2] 715 Fshe Wl elA= gake]
ZAANET L 9] HEe Al vk AolE Bl

ok AAFES AL’ U] RS el AR
g z® degh 344 8(1/2 decimation®] 73
2708 ¢l DWTE F3sht, AR 3hae]
7355 23 40lM £ njet o] Ao vidiA 3}
250 ARE vue|2ie ¢ojelef 3k vne]
o] dloleE oo 2 vime] Fiel wet
g2 o, vize] HAE AAske AL =R
E3Fs|ofor ek /W ] A5t HW -39
AT 25 dibger d4A]l doleE Yoler]
aixE 7HeEeE 22 AT FHe FARES
AH88l=dl, PEQ] 7 ZAAN-Ee 35S Ae
3] S13E vlme] ¢l ol2idt FFAAQl EEfel
A Blofuel Fhct. wlelA o] S13F 5183 AlolE
Fspdor sla, 53] HW 7de] 79 o3t
Aol szte] AAFA 2 9% v1A 5 ok

2.2 chalX =E(SE) 2y

% 49 34 Y F shiss DWTE %13
e wWEke R e ks oA sl o]
o 8 5 (e EAMoZ vehfgic) o] why
< AN A slex] A AdEAE
FHdigh &83l7] 93 whelrk & AAYE 3
=9 WA o o] FaAl wslsh=
A& ol AANES] AFudE-S iz 3kt
dubd ez Izt o] AL AFEAE, F 9}
qks] Wsleh= Aol dis wlzksichs 548 ol
43 Zlold, 7HgRlEle] staEel s |2 izl
the w2 548 FH3] akleA] 23 el 9l
ol =3 Azl vlaedE o] b kB
(perfect reconstruction)o] E7}5 3F 7107 ghiw]
ek Al vl 44l oA g s &
c}.

Wavelet filter
Lol liadt A el hol |
%+§+é+%+ + +§+§+%
LI [ 1 [ [ [ |
Pixel to be processed
Image boundary

. v v 14
Extended pixels

a3 4. 7ASke] DWT

o] wpe THSkE Zs WeIY BHSL obe
s Rk o] whyel RS MRS 9l vl
welg rals 4 9AS Se ke o

e

sh skl e, AANRS dakabge 93
of wzelzie] gelEel dolelE Azt

Copyright (C) 2003 NuriMedia Co., Ltd. 621
www.dbpia.co.kr



FSE A 85) 354 '02-6 Vol.27 No.6A

(c) ZPE (d) SSP

Ol 5. ZAsR: AuE

welo] F2 EAlsbd Qe Agele] 4 ¥ o
Axte] BglAS g8l 53 Aoz} Pashcl PEo
Ao} vl IR R o]2]gt A|o7| %S FrPHoR
8310, o] Aerlee Alz"l HAL] FAEEH
=2 od8ks- 7)A 4 gjrh Ed H/W F&e] A=
¥H HWE 71 7158 AHSHE X 9E Al
7t Baelolo} sla, FAFOLE A4E o Ao
2AAA 7R 7Fow AAEnR AA A|xEH] X
Awol] & G vA + gk

i)

2.3 0-3t2 M 2= (ZPE) UY
SEL} PEol= o] <dAl5g9|ol| obfsl odAAE
b gl A sPdshs WE ANE v} gl

10, o] 7% 4T SRS AS A3

Ae AkEe] EAlSHE Aow 1Tk o W
& 28] 5 (@l vhehligiiul, o] WS PESAs)
e F7pel vlmel 9] Sl RS @

t}. e} PEA] olgdh ule} o] AAN-E-L

5l S-S #2lalr] $leliA AAFAEQ dAkAHe) &)
Al 0-934e] 283k il m= AE FeAee}
o] FAIHE]E 95le] SE9} o] HQdF HrpHal

Alol7)%5] Baafek

2.4 FH-o% X2|(SSP) ey

PE, SE, ZPE:= &% uﬂ;»’l A7357) 273
At F7HHQl Alef7]ss H8FE 3o *—stﬂ-—’%r%
AN 7| AL} FEe] ofelg-S Zagich olo 2
ERoAE vmele] F7PA]l e} HrHEa Zﬂ
0]7]%5-% #43lsle] 2-D DWTE A3pHor 43

& 4 Qe AR Aelbie ARk of W

> 27 5 (d)ol] vieplisdedl, o] 2y A
£ sk ols dehla sick o] b
g DWTE 38 djolli= g Zd|q]e] <dAdo]
Aufekell dis] A= APR AZA=E] Qe AR
ZHgict ol24 § 2] DWT7F Bva o5 o
°] DWTE 433} uj PEL} SEx|2] <bx3] Aj=-
do]elE2 DWTE 3% dagle] = A 9
DWTel ARSEAR dlolelE5S AN o] <9

Z5olxel A3l AHg3le] DWTS 3%
ojct. PuleF DWTS 38 dji= 3 <dAke] 314
Eo] Wkl s A= AH2 AZ" e 7

e
|

%3

T3P dulsF DWTel 53 A4°s DWTE
e 4
o] WHe 2D oA dlolHE AhYoR

I-D %34 Hlolel Wgksle] A(W)ukFe] DWTES
Galshs wpgelth 1% 59 Tk Syt vl
gehel SSP PES} M falsiel, w sl
odao] ampape] (0] Sgd) @ AH of
A o Gelnl, M) A 2
oAbt 2o R ¢ WY olEat el
deh weld o] shpubie PESh B 2R A
Ag ke, ol IVAIA wiel| 2 gk

B el ARkshe SRS T 6ol uh
vehdgleh o714 4ol shmsh Alzel @ Al
& s & vehis 9912 255 Aok

O-h

m. + &

AlRKRE wie] A2 AR flsix 17l 59
vl ] 255 S/W 2 H/W-‘J -‘rhffis}ai-‘:uﬂ SIW
= C-¢lolE AMS3l9lar, H/W+i= VHDL 3§9]-
AAE 33l 5dF J“”“’ 2 A3l
H/W 312 7% A Z=E 252+ Altera FPGA
2 ePlo® gl om, Altera MAX+PLUS 112 A

a7 6. gk SSP el dAeg

oo "0

Copyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



917 A Bk ARl Ae|uy

el o P i)

il ZHd R Helshe AR 3l
a1, 3 ZH|gl dAke] 53_7]{— 352 x2883}4(CIF 3£
M2 3lck DWTol| AM8w]= ¢lo]Esl Fef+=
Daubechies®] (9,7) bi-orthogonal ZE{o]u], 2-D
DWT 12 22] Mallat-tree ¥} o2 3-l7}A]
asle] 23] 39) AskE AASRs ZoR slck
DWTE 9l3l] AMg== dlo]e] 292 16-H]E a1
el WAem A 1 MER 2EeE o

& 8 EE 244 919 dlold @ 22w vwA
7 HlEE 25 olale) dlolelE vepdch

Ayt o g JakAE|e] S-8Fok= Ak b5/
Hlo] difFolnz B =79 7 w3l gi5/E
A 7P 5 SU=E a3 79 ZEES) o]
Z}3}7](quantizer) % <Jo}A}3}7](de-quantizer) S §+
A sl

s W epAsirle HW el Sl
&+ a#3led 1A log-scale JRASPrE AdAISH]
ARE3ld=tl, 18 8ol o] EEP|E EAIEIAch
o] ofx}317]9] bin =7]i= base7} 28] loggtoz 2
A3lsd=dl, 0-bin®] 73-94= DWT ZA}e] 7z} o)
o do]Esl AlE°] Gaussian -¥Eo} fARE ¥
EE 7Pl 2RIsle] 1 Z7])E 20|E A
oF#3} W $](dynamic range, Gamma: ©¢JA}3}%]=
dlole] zke] W= oF 100709 <3Ake- djakow
Aoz MdAslgon, AHdigle] Jxls} WHew
o 2 dlolHES Haude] el A == A
(%2 @kl Ao 3 ke o s o=
AAslsdck kAkEbrle] bin 7] 2 bine] 4=
,DWT Z=z}e] 7} Jojodof odvp} w2 dlo]e] H]

9 45E

E 1. #o9d g2 b=

Sub-bands resulting from
2 4

z

Comp.
Ratio
1.00
2.06
3.03
4.00
5.33
8.00
9.14
10.24
11.13
12.80
14.63
16.52
18.96
21.33
Gamma

BB (|||
BB |(nn|n|n | n|oy|oolw

A =R =} K=} =} X} N} {o] i¥o] Vo J RNo J RNaJ [No} INa} N | fe)
=IEINININNR(W| A || AR (|0

Bl = | =[]t o]0 w |w|w| & |wn|oolw

8-»—-—-—-NNNNwquu-ooo\

S—NMNWMMMMMMC\\IW'—
8000OOOOOONNN-BOO\I
SOOOOOOOOOOHNWWW
SOOOOOOOOOO'—'NNOO\O

[l S AR LS TS
=[98 [ [

—
—
(=)
—
o
~
o
—
—
oy
—

Copyright (C) 2003 NuriMedia Co., Ltd.

l Forward DWT (3 Levels)—l

[ Quantization I

v

[ De-Quantization l

v

| Inverse DWT (3 Levels) |

ozl 7. 7 22

EE ¥kl =2 313‘?4, oA =3t o]
B9 58S 2Tt B =Elke 58l
7Hdel e £ Lr‘ﬂw AARE SSPe] 52
Ags] sl 24 Fdqe ¥3 HlEFE 2%
3] sk5ES =AM AYS 326}%14 L2
o Foogd FPESE AT h5E I
Epfgich EellM 7h e W= a9 39 4
e WsE vehle 7 v|E el KH?"P tEE
= 7 o] §5ell vEpideE T3l gl of
g 7t mE g2 AT FiY Fofl ofuARE
7} w=ohe AME 714'& 3l Ao | ge
AEdes AAssick £ 19] Hspdell= 7 1o
9] st HelE vehlsdck

ke I Ex S5 EIACE

a3 79) stk theel ez

»—-04..“1

FH(entropy

coding)e] E3E=dl, dERI] Fole odubxrom
Axel Aol e <A gl5(lossless

compression)#pgolck, ¥ i=Fe] Zajo] gl o
3% 71z wpHel iz

& Ane] £4e] sl=
AokRE SSP wie] s d Fale] folAde AY
ke Zojuz, £ rRdMxe JERY IgyEe
AR8-8HA] egoket ol Zifi “‘Eiﬁl L ¢ 2
o Ao YHES Ze ZloE UdHA glemz,
E 19] gh5-8ell 20 2354 45E0] dE=Ry =
& EPF FE5Eel T 4 ok

H/W 782 18 79| 528 $33l=% VHDL

anjepaziuenn

Wavelet coefficient

a2l 8. AAE 34 <fxsh|

623

www.dbpia.co.kr



SEAISEE] =27] 026 Vol27 No6A

P9J-5F L FPse] PP oz 7
aigick 28 9o 7E H/We] LExE viehd
ed, 4 dxzel, DWT A4, 8 2%,
wlxe] Aleir], 2o AR Aelr)jzAEee] 570
o] ewER AU 2elA AAe dielE,
AL Aejalss 77t vehdck DWT 7d s
£ DWT = o DWTE S}, 17]1¢] MAC
(Multiplier and Accumulator)E- 33k} gH&5H4]
o gpumele] AR dolE AFE HolA
g8 AR2Ee] AAZE F o] dlolelE A8
s, F%E Avks oyul|zeld oAl A7ks)
A FAEP1E AX hEE el ML=
BujAlch BEdabge obEEl dakdlelelE ol
welo] AR F wwe]el ADWT AHdAle]e o]
Fojzity. vime|e] ¢jrlj2r] AR wlEe] Ao
Zl7kdse, 9o Aleled 2 AAHY
DWT-JA3l SDWT-ozkst ~AEH2 2] Al
o7 ~AFEt Bdack & A == ¥ 9 d
o1 F ¢jo] Ul HRIAEle AABRs WA
< =93 35 91y ARz 28 =77} I
A3 HWS] Apgdige] Wolxma gl dlAls
Bl sl sidshe dHolenke AR 4 Q=
- AAse

Wza] ¢7] F2h& skl sleiA SEC] A
9= g o =& Yo DWTE 33 §F vize|2
2e] ool dolHES AAT A2 dHHA
2Eo]| Ealshs uhleg Fisle] F7PHel v
2] 97] Exto] gl== slglch =¥ ZPE] 7=
M2 o == o] DWTE 303 o o3 o
oJElRkS ¢olem YR 022 Ate WAL
2 Al vixel ¢7] Fxte] FviR H8sA|
@A sisdct aehd 91 dlRlzEe] =27] gl
PES] 7$E vl & == 39 Helrh B
Qe FE3P) S8l A vlee ¢ w3
& FaEles slglcl. 7% H/W 2492 33MHz
o] Feo)] B5o] FABREE AN

V.

>

& % 2

T3% /W 2 H/W FH(codec)ol] 1001 7H2]
tfarednks Agate] B =wella] AARE Wby
Aes 712 wpis vlaslgdck WA HEE S
Zhell w2 SNRE| Fo|5 Agstaledl, 2 245
23] 10el] veplgick o] il 1000742 <
A gEAel  ratio87)e] dARS- vlehigich

to external memory

:

Memory
Controller

!

DWT ¢
DWT™! -
Kernel 4

4

Input
Register

Quantizer
Quantizer ™'

to/from
transmission

Global
Controller/
Sceduler

a8 9. 7%l HwWe] 5%

SellA QlFgt wie}l o] PEx= 58] LIS
R & 7 DY o HHEYe] He AL ¢
& glem(16 ®E dele] EHS kb, AR
SSP+= PE¢} wl$- fARF AdS HlS o + 9l
o} a3 994 B 5 o] AQIRE SSP wh}
PE WPlo] SEu} ZPE whjEr} 53 235 B
4 & 5 ek

a3 109] dlole] k& xrl A& vlashr] ¢
3 charedAr 1000970 g SNREIE-S Haste]
=28 110 thA] vehpgich 28 11 (@) % 19
43E WS AAE e AeE, 5ol 21
ol3le] 7$~= PE7} Aelgt SSPHr} €53 F2
A Hola glow, Ymx] SEY} ZPERT} A3t
& SSP7} AA| EE WA 53 AsS
olx gtk 2 11 )& FEsH 458l %
2:0 o]Are] 7% gkl SSP ubHLS- PES} o]
£ SNR e 7}A|w, SEu} ZPEo|| vl3| €53] -
3 AA5S Zethe AS BoF 3ok & SSP
= $EE 21 ol A% PESk= A9 A,
ZPEol| s °F 9.6%, SEel whal °F 153% &
SNR A%-& ®ola 9k wiebr AlqkzE SSP
< $HEE 2 1(AERS IS EFRL] % 4 1)
o]Ake] 7% PE, SE, ZPE o] uPe|| nls] HA
A 9= SNR 4502 AN &+ ok

3 20 7+ wkalell o’ syWe] FAIE e
W)=, Pentium3 866MHz ZFE|e] FH7olA
2500742 e34fell chHgt DWTe} IDWTE 3 2
e Jad Aagloltk FAL Al AR
zgaAEe Zzte] Wi deix A AE
she HEuke AQsln U3 Z2adies 74
o] Hejglck elm ZRaEL FUMHQl ¥R
HWHL: 34 AE PSNR - ARE 94 2H 9)
=9 wr A9)sla DWT, <fAls}l, 9DWT, 12|
oJofArshibe aslES x|o] glrk. PES} SE 12

Gepyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



-/ D

S o] 83 AU AT AASLY B Ay

—e—Lena

—#- Barbara
Boats

i + Castle

| |—=—F16

| | —e—Goldhill

- | —+— Peppers

.| —=—Bridge

> >
N o3
Lol

& &F

Compression Rate

(a) SE

SNR

. L

R BTN I

W > \:]
F PP P

Compresstion Rate

(c) ZPE

—e—Lena
—=— Barbara
Boats

~ Castle
|—w—F16
| | | —=—Goldhill
| |—+— Peppers
| —— Bridge
$H > &
A R S I .
Compresstion Rate ’
(@

T2 10. vl 5pge] 45E %7l o2 SNR #3}

al, SSP WRALS- 3Z&F49] zjoli= g)A|uF wavelet
transformol] AR5 3}4ghEo] dhol A= 7]
o2 7] diel I 3% 5 22 4%
Edeid oz dAZHe- Balch ZPE WAl 34
o] ARl gleiA o] 3&F 9ol AAIZAC of
g dtel ARl FAHo] yrkElER s 'l Az}
£ Helrk

% 3o 27 99 H/W 78 AaE e,

=

Copyright (C) 2003 NuriMedia Co., Ltd.

SNR

223888
28888

8328 223
N = o > © 2
49 ¥y E g
L Compression Rate
—e— Periodic DWT —@-— Zero Boundary DWT Symmetric owrt Seral Pxel DWT
(a)

P RGN @"" \\0 o \ue & @‘-p 'L\{P

Compression Rate

(b)
2] 11. SNR gk v)al

o] Fell= EIHHE el BYapde
0,7 e F 7-9 eIE A 83tz E 39 @E
< o] Jgl wet 2Ashd A& 5 gk WA
el gt wlme] (7)) 3l9= 4] 340 9-8)
HEl9} 352 %288 At=7)S tigldle] A A wme)
$7] BFE i vlES FAER Yehd Aotk
47ellx} At wie} zlo] PEWIMINE oF 13%9] F
7H9 wlze] ¢7] Sxte] Hesidc)

ZAANE-e] 35S AeE]slr] sl Foixl HW
2 FvhEe B2 vz 7] B3t o] 9o ¥
A5 vepdich. &, SEC] 79 vme|2RE ¢
dlolel 5 Al Jelz Halslo] 91y #Hx)|~E
o BARh: Exte] FlEeio} dlv, ZPES] #$-
glol2 diolelE wime|e] it ¢jzlel 247
a2 g e Fo dloly gE 002 s =
Zho] Fasjcl SEQ| 79 doleE Ealshes 2t
<= & "ol g dlole] 4 Balshe wile HPo
o, ZPEQ| 0-ARQ152ke &9 EREFY s

E 2. S/W A A3}
Method Average Operation time(sec)
PE 0.2540
SE 0.2540
ZPE 0.2544
SSpP 0.2540

625

www.dbpia.co.kr



5418 3] =84 "02-6 Vol.27 No.6A

¥ 3. HW 78 ZA3}

Extra Extra # of Size of
Method| Memory operations for controller
accesses ratio | boundary process (ratio)

SE 0% 13,440 766(22.0%)
PE 12.99% 0 761(21.2%)
ZPE 0% 3,360 416(11.9%)
SSP 0% 0 206(5.92%)

& AMgslelc) wela] SEZ} ZPEd) vls) 4w)e] 3
7H]l 52te] dasict

¥ 39 x| g2 vme] ale7] 2 A Ao
7)|2A1E=1e] HIW oFS v]ugh Zii a7 99
T wEHe- w2 A A3 AHEEl Altera FPGA
o] A & iepd Zolck SEe} PEZ} 7H w2
AolAlde daz sjglon, ® = A|Xg
SSP7} 71 A& AU Z A7} 73k

a8 10, 23 11 ¥ % 39] ZAyg Hol ® =
ol AARE Wb A Ao H/WA )l
o] 7Vsdla, 5Ee] 21 oA v 7IEE
bl vlsl FA|A] o= GBS $HS 2 9l

ol sl
V.ZE

B =T 2319 DWTS 7|MEe k= o
JhE/8R0Y] S8HokE epler Jake AAN
Fr5e FFHon A2jd 4 9 AY-d%
2)(SSPyhS Asketsict o] Wi 2‘}% s
DWT =Helulskel wle} 121949l wijd= 7¢
R wpes o AAA F71AA R ‘(PE)HP
Mg 7b edake] AA A JF 3 o) FAR] WAl
2 M) 7Fsdich

Akt wpHal 7|2 AASA Hejuhie SW
2 H/W=E F383le] 200717 tE5-S Z7HA7)4
o}&=Fol| w2 SNRS ZARF A} 2:1 o)Ake] s
2594 PE "Al3} fARRE SNRE Moy thE
uhrlel]l tiafiA] 9§k SNRS- Wolrh sl=ge]
3 A AAZE 938 oAl wne] Fxo) B
dasje] §3 AR 2R AbAga el 3
2 913 F4 Alel7)9] st=ge] ARE g 2}
A vepdel dme] Zx2s 93 T4 Aleir)e] T+
& A dA} spre] FFRE 1342 il FelR v
nelol MFsluz o 7}—?—51 24 vluwe] 523
2% AR ek ol shesle] Fe) B

>

o 2 pz

N

RS Qe 7Bk Ay
DWIE /o2 S SAPRHY $eobi

whlel e $d Avow  HW 2
geiginl 2 wigel Aol $F 2 3

1%
=
L 4
= 2w
E’

#1E8

[1] J. D. Gibson, et al., Digital Compression for
Multimedia, Principles and Standards, Morgan
Kaufmann Pub., San Francisco CA, 1998.

[2] R. M. Rao, and A, S. Bprardikar, Wavelet
Transforms,  Introduction to Theory and
Applications, Addison-Wesley, Readings MA,
1998.

[3] A. Grzezczak, et al., “VLSI Implementation of
Discrete Wavelet Transform”, IEEE Trans. on
VLSI Systems Vol. 4, No. 4, pp. 421-433, Dec.
1996.

[4] David Starr and Kevin Leary, “The Advantages
of Wavelet Techniques in Video Capture”,
Technical paper of Analog Devices, 1996.

[5] Martin Boliek, et al., JPEG 2000 Part I Final
Draft International Standard, 1SO/IEC JTC1/
SC29 WGI, 24 Aug. 2000.

[6] M. Ravasi, et al., “Wavelet Image Compression
for Mobile/Portable Applications”, IEEE Trans.
on Consumer Electronics, Vol. 45, No. 3, pp.
794-803, Aug. 1999.

[7] Po-Cheng Wu and Liang-Gee Chen, “An
Efficient Architecture for Two-Dimensional
Discrete Wavelet Transform”, IEEE Trans. on
Circuits and Systems for Video Technology,
Vol. 11, No. 4, pp. 536-545, April 2001.

[8] J. N. Christoper, et al., “Reflected Boundary
Conditions for Multirate Filter Banks”, Signal
Proc., Vol. 20, pp.308-310, 1992.

[9] G. Karlsson and M. Vetterli, “Extension of
Finite Length Signals for Sub-band Coding”,
Signal Proc., Vol. 17, pp. 161-168, 1989.

[10] K. McGill and C. Taswell, “Length -preserving
Wavelet Transform Algorithm for Zero-padding

Gepyright (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



=1 [DWTE o] 83 455 913 A st ae] faabael Aejuy

and  Linearly-extended  Signals”,  reprint
Rehabilitation R&D Center, VA Medical
Center, Pao Alto, CA, Mar. 1992.

[11] Macro Ferretti and Davide Rizzo, “Handling
Borders in Systolic Architectures for the 1-D
Discrete  Wavelet Transform for Perfect
Reconstruction”, IEEE Trans. on Signal
Processing, Vol. 48, No. 5, pp. 1365-1378, May
2000.

M A Z(Young-Ho Seo) 3]
1999vd 29 : s4-g-thstar
A ax skt EATIHD.
2001 29 : B-eojisk
T sk,
2000 39 ~2001d 1299 :
LE =G (F) A7
2001 3U~&A) : P}
R L e RUAE )
<F3H] F-ol> Image Processing/Compression, $J
Elu}7), o}& 3l FPGAJASIC 7|
e-mail : axl@explore.gwu.ac.kr

Z & #(Jong-Hyeon Kim) 314
19971 29 : s}-e-rhstar
WAt 2T,
19994 29 : -3 5tar
ek ERATIAD.
2001 24 ~&A) - Bl st
AR S} ey,
£ 200014 3920011 29 -

Qe () AT
2001 34 ~30) : ekvlo]Z2(F) A7
<53H] Fol> VHDL, DSP, Design verification,

VLSI Testibility

2l t§ Z(Dai-Gyoung Kim) 43191
198313 2% : slefrfetar
st} 29i(e18Hh)
198611 24 : keflstar
slah ohstIERI(e] s D
19943 8% : Purdue w3}l
F8ta} £<i(Ph. D)
19941 94 ~199511 8 : w|=-
Minnesota t]&} 2~8-=3FAlE{(IMA) Post-doctor

199513 9% ~&A) : Jhofh3t

&Y
<FA Yol dlolel

T K| 2KJi-Sang Yoo) #13]d
198513 29 : A]-gofj&ta
Axgek 21T
1987 2 : A&t
dfeel E<I(TeAAD
199313 5% : Purdue ©fdtal
A7]g8t 2t £(Ph.D.)
199313 94 ~1994 8% :
M) A dT4 A
199411 991199711 89): Ghedriet A gsts}
.'E.\—'_Z‘f:
1997 94~ &ia) : ol AAFEsk}
<FHA Fol dlolES 7 A, ARES,
&

d7alA, vlAdE Als e

{i W

AL

[e3

2l = 2(Dong-Wook Kim) A3
19831d 24 : ghoflista
A2t SHEFEAD.
198513 29 : ghefrfistar
HEd E<(F3H4D.
1991 9% : Georgia -z-a}cjj3}

A7} SFSA.

Il : s3-2-Hshal IDEC 23 1%,

2000 3 ~&A) : Sl As(F) A7

<F314] Fol> t]A|el VLSI Testability, VLSI CAD,
DSP 417], Wireless Communication

e-mail : dwkim@daisy.gwu.ac.kr

Copyright (C) 2003 NuriMedia Co., Ltd. 621
www.dbpia.co.kr



	DWT를 이용한 영상압축을 위한 경계화소의 효과적인 처리방법
	요약
	ABSTRACT
	Ⅰ.서론
	Ⅱ.2차원 DWT의 경계화소 처리
	Ⅲ.구현
	Ⅳ.실험 및 결과
	Ⅴ.결론
	참고문헌


