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Calculation Time Reduction Algorithm of
2-Dimensional Discrete Wavelet Transform

Hyuk-Bum Lee, Ji-Sang Yoo, Jong-Hyeon Kim, Toung-Ho Seo, Wang-Hyun Kim,
Dong-Wook Kim
Kwangwoon University, Intis.com Inc.

Abstract

This paper is to propose an algorithm to reduce the
calculation time to perform the 2-dimensional
Discrete Wavelet Transform(ZDWT). We call this
algorithm as Reduced 2-dimensional Discrete
Wavelet Transformation(R2DWT). This algorithm
uses a modified Mallat-tree such that in each level,
the column transform is performed only with the
low-pass filtered row transform result. The resulting
number of sub-band regions is ZL+1, meanwhile the
original(ZDWT) has 3L+] sub-regions, where L is
the transform level.

To show the proposed algorithm is useful without
much loss in SNR(Signal-to-Noise Ratio), we
performed experiments with various images. The
results showed that above 5:1 in compression ratio,
the proposed algorithm has less than 05dB
difference in SNR from 2DWT with about 25%
reduction in calculation time.

L A&
Ha ok dfiEHR H g (Discrete  Wavelet
Transform, DWT)o] A& gl ok B I E&
w3 P8 DWTE DCT(Discrete Cosine

_49_.

Transform)& ol &3l NS &
= B8 &Fblock effect)7t vERFA RFthe A
glo] WEE AFE & HER-wz=dz gdstA e
7} AFssy] wEo] 2o $8RopdA ALEEH RoR
Adsn gl DWTe $&&ok & A% 2 VAL

Hola gl Boll AAUGEH Fokoln, o 73-‘% HE
93190 separable DWTE 48 grep?leldl °§*"°§ % &

ofellAjel ZtF 2 BHE GEE FUhd mae
SNR(Signal-to-Noise Ratio) 7§47 A1z A& 7t
=xolt}, 2214 separable DWTE ol &3] J4&
&g u), AHEEE dol¥y "Eo) we 7 }2E
Asts g 79 w9l FAI 6 T BHe
QACGFERANE FAsteiof ok b 1 GHE
& FAEEA AL GAHNYE P ARA e
DWT Aate] 225t Ate F4R 3t Rl d4
Moz 7% Bed AT Wsodn Ak

B P AE 2249 DWTE Fiqste 244
Mallat tree 3428 $Aste] DWT 2 ¢#AsE
23 gaedz A7t SNR(Signal-to-Noise Ratio)€]
&4 glo] DWTY A4 &g A3 FAaAH 5 9
= owele ksl $hoh o] MR 2344 ol 4
| &l ¥Wele] 7F4 3t duelE(Reduced 2D DWT,
R2DWTYo 2} Aot

o ['4

['\

[}

o
rxg to

1I. Aj¢te DWT €125

R2DWT7} 7129 23+9l DWTCDWTR ®7Ds &



2000 XEHEFTEE KEFHELEMAE WXE FH23% H2W 2000/11

gGO
(¢1 = HH
aliett
/700
@¢n = Mt
image —
gCU
ey
ey
/;CO
e¢n ™ WL
(a) 2DWT
g/OW
ey = "
image Do Lo LH
ﬁ/ow (2* L
2y 1)
/700
eyn ™
(b) RZDWT

a9 1. 2DWTS R2DWTol thgk 1-#% Mallat tree
v 1l

34 29 19 Mallat tree §E12 JeEbAT 2DWT
7t 2t 94 == DWT A3 AE-me X os
B3 4 APor 12 F2AAHE X AF 2
a1Fs BEPE FYPste wH, B =FA At
© R2DWTE & W% AFd % nFxs duPA/2
234 X A3 F A5 dedy 23w g
W DWTE F3%c. DWTe 15% 9 AFq o
HRZ Fsto duixg AFs g902 APr7e
W ot} o] AL AR wo] nFEH, F gAY
Watete ATl A FHsHe] HojAe g
olg¥rt & F Qed, B =844 Adds
RZDWT =3 oj3d #4& Fu &of ol &3te A
°lgt & 4 vt RZDWTE st Hash A
¥ 2DWT 75% sigsts, ole dAz 44
A &5 292 BgHnE AFE Fol A
< T 3lth

7 Bas

a9 2 AFF F A9 DWTS 4nz eny
t 2 949 AR-9E 2 BAe ushin 3

€, ol 1Y& F #4de DWTE 83t Zzhe)

- 50_

_f__

A4
v

() 2DWT

_{

A J
\ J
h J

(b) R2DWT

a9 2 2-94 DWTE 83 4%

& Holx gtk F #Hée DWTE % 2
A 44L 2DWTY Z$ 79 AE-Wieg R2DWT
£ 578 ME-SER 747 oA e, Yutgen
t N #dde] DWTE 38 29 2DWTE 3N+ A,
RZDWTE 2N+1 749 HE-yi=z 247 yyojzic,
we2td R2DWTE DWT 4823 2DWTel H&
FolRE HE-ME 47 oo AE-wswWzE X
gty EEAAM 2 §F540 oa Eod & Uk
agiy, W9 A AeE 83A gy FECdAE
olelg §84 Aste 28 2 A HA &=oh

oL S/W % H/W T&

o] RIDWTE 2DWTS &4 A5H s 98 S/W
2 H/Ws FasSS B A7 9agEs 9y
#AY deme FAst HAL TIHFE AAAE
FAsgEd, 19 30 o] #HE AFHew vheh

Fdsg. dnyogr A5t 4F Ho JdER
29 & FY3e RHo] AuFHo|w, o] HAAAN FJt
A dZFaAE 4& 4 Utk 2T, o JdEEY
e GAARe] &de] glE WHE F2 AR
oA 9 EatE DWT AHAe) A sH| Tl =
g mXA 2§ AL AH .

#4 2 DWTE 2DWT9 RZDWTS F 71A
A4E A7t FEEeH, FAVE /W 89
fo13¢ nEdted 1@ 4] e log-scale 2 &
2871 & AASY FEAEAG. o] YA v

e

[
2,

=)

— 0

Original Wavelet Quanti- Entropy
|"g'na —»| Transtorm | zation |- Encoding
mage {OWT) @ | | (EEC)
Inverse _
Reconst— Discrete Ql?:n(i- | Entropy
fucted «4— Wavelet |at— . — Decoding
zation
image Transform (DeQ) (EDC)
(iDWT)

ad 3 94AE 3 R FEAY



snfea paziueny

Wavelet coeficient

a9 4. AAY log-scale 1 %A37]

e o2 HHo ZvHGamma, o8 A
o] Az dqAEAgE 4 4EEA gEs NE-d
=9 89 HESE T AASAYG 4 dE5E
W2 NE-sy 83 HES 2 7ol e ¥ 19
el en, yE-meds s a3 50 vehy gl

olgigt YA sl S/WHOeRE C-UolE A}
43t FEsPLH, H/WH o2+ VHDL 39]-24
2 AAT F ¥ese EeR Fasut /W T
ol lolA At EPEL Altera FPGAE AH¥Ysg
3, MAX+Plus 474 && AME3tdoh 78 Ag8
Aol &R HE = Daubechies?] (9, 7) Bi-Orthogonal
oo, 2DWT ¢ R2DWT &3 3 #@ld¥ DWT
E FY5ts Ao ¥t 1 A= 4 AE-mc
o Wz g4 a9 5 JEUAT 18 6ol
HWZ 8% dA3E Yo ded, 19 UE
v A3 o] E =FoAM % 79l MAC(Multiplier
and Accumulator)g AMg3He DWT Z2AA A3}
fon, AAERE AFe: WX ARAM), W
AFE BAERE ¢lo] dA AFAFE A2y
(FIFO), log-scale 14 <kx}3}7], z1gjx Aoj 3
483 AA2HEZ FAHAY. 29 69 HWE
Altera FPGA 10K} ¢ 31% &, 3,140 st A
oJE FEE 2 62,00070) aF et

o] ] B
8 5,6
4 6 4
8,9
7 9 7
(a) DWT (b) RDWT

29 5.3 #Y DWTE 3% 43

._51_

a9 6. Altera MAX+Plus §4 23
V. 4843

TEHE S/W R H/W 73 thepel Fe] 3 Eathd
SNRdl #lgste Hse wuslga 2 438 19
7ol GEtA=d, o] gl ¢ RZDWTS 2DWT
9] SNR ztel& UelllE Aoz,

SNR Difference — SNR RDWI— SNR2 DWT

2 AN Aojoh oA BE vpek o], gk ol
LO(FEEFo] o) FfAA ¥ d 9 2l A
$ 2DWT7F RZDWTEY 2WA] 25dBR 5% %2 SNR
& Holgrt @5 ge]l Frgd w1 Aelst #aA
TE & 7 AT FEE0 o 51 AERFHE 299
B =94 A<t R2DWTZE 2DWTO wis) ofzh
-‘_-T-;—% SNRE Holi gon, 1 a0l =05dB A&

wa)&tEct 1Y 8 Lenna G448 ddoR %
o] 53319 19 3 AAE AA ¢E/EHE e
Az bl Aol

m‘,m

V. 248
8 =RAAE 20 A R/ ol dlo
So wdE AET @ AoEH BAS ATE Ba

A F 9\,1?: A0 5L AL, R2DWT
(Reduced 2D Discrete Wavelet Transform)olel # &}
o] 4 FEL dolgdl HMIE Mallat tree H2l 2o
2 58 w ZF g Ao deyE 9 Hg 4
FHehe d WA= ol

Aol Mallat treeo] o8 WMol ZL+I(LS W
gl )] ME-SHES 7ixE ELE‘? B dagEy
ARZE 20+19 ME-WHEyE g48 wads 4z

3ol Mo Fast @y F oGu %}r-* TR s
d 2 g4l AEthe ¢de 2a ey, o
& wAE ALY dnAFe A Hu-wEe o



2000 ABEFILEE BEKLLHAE

WX E H23% F2W 2000/11

SNR Difference

Corrpression Rete

29 7. 2DWTS R2DWTS] SNR ¥l

g AR wE ol R §E4 A= P
FDHEL AL TR AT £ Qo AR
"o

98 4L Yaen AP dn B =g A
A& R2DWT #He &g o 5HIAsAA7R
Ay ol4te] AAYEE £ W AN F& 5% A
©2 ZAA7|HWA SNRe] 2DWTe Hls) 47 %&
2 o 4 gginh weld RDWT B 7 4HEE
PR YEatolol st LEFopld ANT FAA
28 A8 448 A4E F Ae Aoz APdn

A |

(11 R. M. Rao and A.S. Bopardik, Wavelet
Transforms, Introduction to  Theory and
Applications, Addison Wesley, Reading, 1998.

[2]1 A. Grezezczak, et al., "VLSI Implementation of
Discrete Wavelet Transform”, IEEE Trans. on
VLSI Systems, Vol. 4, No. 4, pp. 421-433, Dec.
1996.

[3] K. Paul. D. R. Chowdhury, and P. P. Chaushuri,
"Scalable  Pipelined  Micro-Architecture  for
Wavelet Transform”, Intl. Conf. on VLSI Design,
pp. 144-147, Jan. 2000.

[41 O. M. Neilsen and M. Hegland, "A Scalable
Parallet 2D Wavelet Transform Algorithm”,
Technicat Report TR-CS-97-21, Dept. of CS,
Australia Natl. Univ., Dec. 1997.

[6] J. N. Bradley and C. M. Brisa®, “The
Wavelet/Scalar Quantization Compression
Standard for Digital Fingerprint Images”, IEEE
ISCAS-94, 1994.

_52_

(a) 9 9%

(b) R2DWT A& 9%

(c) 2DWT HE& 34
a9 8 4§ 5331¢ d9
}=/E9Y Lennag



