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Abstract

Wavelet transforms can decompose a signal into several scales that represent
different frequency band. The position of signal’s instantaneous at each scale
can be determined approximately by wavelet transform. Such a property can be
used to denoise. Threshold-based denoising method was proposed by Donoho.
Threshold-based denoising method is used hard-threshold or soft-threshold. It
is very simple and satisfy performance. But it is not satisfied each band
characteristic of the analyzed multi-resolution image.

This paper proposes the threshold techniques which applied threshold method
according to each band characteristic of image. The proposed method analyzed
image into multi-resolution by wavelet transform and considered each band
characteristic of the analyzed image. It is used hard-threshold to LL band that
have form of original image mostly, and soft-threshold to LH band that have
horizontal component of original image, HLL band that have vertical component
of original image and HH band that have diagonal component of original
image.

In this paper, we simulated with three different 512x512 images that are
Lenna, Baboons and Girl, and compared threshold-based method with the
proposed method. The simulation results showed that the proposed method
could achieved higher quality image improvement of about 0.9dB, 1.4dB, 1.9dB
each Lenna, Baboons, Girl than hard-threshold method and about 3dB, 2.2dB,
3dB each Lenna, Baboons, Girl than soft-threshold method. We can convince

that the proposed method is more efficient than the threshold-based method.
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(b) Typical basis

Fig 2. Basis functions and time-frequency resolution of wavelet transform
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(b) Noised image

Fig 8. Multi-resolution of the image

pu
R

=2 2dE 94E e, Fig 8h)

Lenna ¥

R
L.

Fig 8(a)

Ae YEhAH. Fig

teiel LL o

B(a)oll A 21 & 4 o]

)

ol

ol

N A ] o
o] 714 & tdoltt. 18la Fig 8(a)¢t (b)e

R
.

b 71

37

al

o 2y 9

Zt=

Ane

=
T

ol

ol

o] 4ol

of Ath wheb PAARG T A

Ko
=

Jojr el Wk A7 3

[e)
=

|

vl lshd LLY

EEES
ne 2 Assel wop 3

LL

&

Ea
-

of e}

o
=

2

<
=

ol
il
-

Adgre 7H

Ao

A A Bt

o))

hard-threshold”]

4 oA g o7} oAl e

o~
T

g9, HL 993 HH Y

_L
1o
ToH
B
el
o)

0

N

o
<0
go

o))

el
o)

0

ﬂq

1

e
o

7}A] 3L

Kol
=

P O 0ol bbe gk

S

_22_



Fhel= Al s delrdl WEs Fstd W g AFEo] A9
Wow EASHARE, i AES Gl EAelel ol A3 o r &
At 22 okyr] wiEelth 18 Fig 8(a)¢t (b)e] LH W<, HL W93 HH
S Huskd ol 7 el dlolBd M Agrt FEo detrg W A
b H=sko] FEol wol &4 dnh webA Zh wE=e] glojral Aok gt

A2 25 o] &3+ soft-threshold”7| HS &3t} o] A2 Fig 9o ek
AT

o

-

Hard-thresholing

LL — ]
/ Operation \
R X
— | DWT \ Wik Sik IDWT |—»

LH, HL, HH }—» Soft—-thresholing /
Operation

Fig 9. Block diagram of the proposed method

Fig 95 ¥ o] H7td 93 y& dolBdl ®Etste tajde g
v LL tiee] dojudl wMekd Als g, 1= hard-threshold 71H& 4§
st f=el AA"R F4 delmd A ;& 4tk LH WY, HL W
HH tige] gojrzg W3t Algoli= soft-threshold 7|H& A &3le] Fgo] A

A deolrngl AFE deth v HoR o AFE 9 dojr HIsH Fa

_23_



ﬂ
l
mK
!
<0

o
ay

~

Bo

N

2559 #& 7FAH Fig 100 e At

0~

ol

g

Folth. 1H#kr] w3t

HAsHA A

oA Az 7}

=]
T

)=]

gl

9t} Baboons
TFZolt}. Girl 94+

3t Lenna GAFRTH

Eay
o~

2 Lenna 9743 H]

el
E!
K

W
N

Coiflets

ki3

(a) Lenna

_24_



(c) Girl

Fig 10. Original image
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Fig 11. Noised image
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Fig 13. Denoised image by soft-threshold method

Fig 14. Denoised image by proposed method
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Fig 16. Denoised image by hard-threshold method

Fig 17. Denoise image by soft-threshold method
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Fig 21. Denoised image by soft-threshold method

Fig 22. Denoised image by proposed method
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