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In this study, we investigate the image denoising methods. We propose an estimation technique and denoising

methods for implementation in the blind condition.

When a digital image is captured, in some way noise could be included in the produced image. Although camera
technology has been improved extensively, additive noise, especially white noise could not be eliminated completely.
Therefore, camera manufacturers have integrated in their cameras the in-camera noise reduction algorithm which
works when a slow shutter speed or high ISO is used to suppress the noise. However, conventional in-camera noise
reduction algorithm works only to a certain extend. Therefore, denoising process for generated digital image is needed
to eliminate noise as much as possible without corrupting the original image components. This study is related to the

development of denoising algorithm in this process.

Despite of extensively proposed denoising methods, developing a denoising method that could remove noise
effectively without eliminating the fine details and edges is still a challenging task. The task is especially difficult in
images that are rich in fine details and edges. Often, the smoothing effects of the noise reduction are accomplished at

the expense of the image fine details and edges.

In the ideal condition, the original image and noise properties, or either one, such as the power spectrum or variance
are known, thus denoising can be performed by utilizing the available information. However, in practice they are
often unknown and must be estimated. In the blind condition, both the original image and the exact noise properties
are unknown. Therefore, these properties have to be estimated to implement denoising. However accurate estimation
is difficult and influences the effectiveness of the denoising. As a result, developing effective denoising and accurate

estimation is essential in denoising process performed in the blind condition.



This study aims in developing denoising method that could remove noise effectively without eliminating the
image fine details and edges. To apply denoising in the blind condition, this study also aims in developing accurate
estimation method. This study focuses on the development of the denoising method in the blind condition for natural

images.

Until recent years, many denoising methods have been proposed. Generally, linear denoising methods are simple
and fast, but their major drawback is that they degrade the edges and produce blurrer image. The Wiener filter is a
widely known technique for the linear image denoising. The advantage of this filter is that it balances the trade-off

between inverse filtering and noise smoothing, hence it removes the additive noise whilst inverts blurring.

Since one of the aims of this study is to develop a denoising method that preserves fine details and edges, we
are interested in the capability of the Wiener filter in preserving the image fine details and edges. To implement
the Wiener filter in the blind condition, the estimates of the noise and original image for denoising are needed. We
proposed an estimation method, the Median-based Power Spectrum Thresholding (MPOST) estimator, to improve the

denoising performance of the Weiner filter in the blind condition.

The non-linear denoising methods, which have excellent performance in noise reduction, such as the Adaptive Total
Variation (ATV) and the Non Local Mean (NLM) suggest different denoising approaches for smooth and non-smooth
regions. We use this concept with the Wiener filter utilizing the MPOST estimator, the Median-based Power Spectrum
Thresholding Wiener Filter (MPOSTWF), for the Edgemap and Wiener Filter-based (EWF) denoising method.

In the Smooth Region and Multilevel Thresholding-based (SR-MT) denoising method, we propose a denoising
method which utilizes a multilevel thresholding technique and a weighted blocky effects smoothing to reduce blocky

effects in the restored image.

From this study, it is found that the proposed MPOST estimator has improved the performance of the Wiener
filter in the blind condition, especially in images that are rich in fine details and edges. The MPOSTWF is capable
to preserve fine details and edges, computationally efficient and algorithmically simple. The modification of the
threshold decision in the MPOST has improved performance in comparison with those of the MFBDP performance.
The MPOST has provided an estimation technique that is adaptable to different image characteristics and noise levels.

However, a certain level of noise still remains in the restored image.

The SR-MT succeeds in removing a large amount of additive noise and preserves most of the fine details and edges,
without adding artificial artifacts to the restored images. It is less complicated and works well for highly noisy images.
However, some blurring, especially at strong edges, are introduced in the restored image. This can be due to the

averaging process in the blocky effects smoothing.

The EWF provides a denoising approach in the blind condition that is fast and effective for preserving the image
fine details and edges while reducing significantly the noise levels. From the investigation, the EWF has provided
improved performance compared to those of the MPOSTWF, especially in high noise levels. The EWF also provided a

comparable performance with the denoising methods which are performed in the ideal condition.



X DEEFERORE

B E AR R RIE, PR 24 41 1 31 HISECRE R AR THIME L. sHll 2 BEEISE 2175 T
PRERSCONE T L 720 UMS, FAEMROE 2R,

Kiid, HEFIZE D REBILL =T 4 ¥ 2L 6, JOHS A HEE 5 m{GECREIC W, R
B IRTFEEZ MBI L7228 DTH 5.7 4 ¥ ZNEOHIRIFIZIZ ULITLIE T v & 2 HEE 0 RAT 5,
KRESCTIE, RAME A AEME &AL L, HEIKEE L ERO Ly O RO O R & VAo T v 2
BLFEFTT 20026, DO LMK TFLEEREL. Th o ORMEE Zh ThBGEEL Th 5,

FTHELIE|TIE, T4 VA LHEANOMFRADHEMAZ RN, 2 DA, HEPHEMET TR
55 Z L2 L T\ a, AFRTIRRFIC, HEMFRANGR2EG A 6N L E, ZOMBESTDARL» 5T
HE 2 HICT 2B LIF LIE M EE b 2L a/RLTW5, YEICE T 29RO TEN, BT 4 L
255 VIIRIE T 4 L2 B EERET 20T, KELS ZDIZK SN, ThEhORENET 7' —F &4
KA, WHRROBIE,A S F LTS,

H2mTIE, MBI AL ZDORNEEHIY 4 F— T 4 L2 OAREICHEH U, 7 ORISR T O T
LEREMLU., BT VORISR  F— T 4 L2 EREL TS, 74— 7 4 L4 OMPRGEEIE, B
RES, PSR, ¥ = — T Ly P AR 2 TRET T X T B8, T O TR R o LIS
R — R D SR A PRI S OV EHINT I G o7z, LELEDS, /37— AXY MLOHEE S
WICXAT 4 THBRAMA S Z L2k 7 4 0 2 EPRE 2SRRI L. SR A2 A9 2 gk L
T, MR EERAEG A2 ZENARRICAED ZEEMWONIZL TS, GBI 2L —v 3 VE
BRIZ & D HERTEIC I REE M S KT A28 KR 2 M IR E O R E % 5- 2 2 FFEAIR I N T S,

3T, JRPBGHIR T OMEE KL ERIZ . EROBHEZ WS HO 74 77 # &M LT\ 5, HEi§f
AN PO EER L, FIhOMEDIT — 5 KD, Bo NG T — HEE M & B o B
TIPS 55 RA 4 2 Z 12k, MEFIEMAFEBL T, SR KRS 572017 e v 7L 2 i
FTZEEIERELTVWEH, Tay 2 BOFELBRLBEMAANS ZEIZLD, MEFEKE Ty VBXT
AR N T V 2R FEBII N AR e A5, GHREEY I 2L — ¥ 9 VEBICK D, M IKRTA
DAEIMEREN TN S,

BATTIEE 2MCIRE L SR BRI Y 4 F =T A V2 R85 X = 23EIZK D “OHE L.,
ING EWHPLIR X &5, — 3SRk A EHTIE,. €95 23Ty Y - FHlE ORFs 2 EH 4 553%
e U, HRERETI Ty D7 4 L& L OREAMAG DY, RASIICHEE K E = v 2 - SRl O IR
FREDOINT Y 25 S 2R EH T 5, 62 TONEEDHIRER 217\, KETOTEDOS», XD
LSO EEABEE T I, £ %< OMEKMEFBTE 3 HELYS 2L T D,

FHEEIE, KX DELEDTH D, RET D = DOMERINTEDORA - FET 2 8B L, FHERD RO
VAT LIZEWTEINEND S EE EO XS ITHHT 2208 %52 T b,



K3, LLEISh 2= K512, MEERAETG 2 5 OJCEGETCHE IS U, ek kideE 2 5 2
5 TPReiRE L, ZOFEBNFHMEZ1T > TV g, KimXOMRIZ, 2DV 7 ) — (ARSI S PRk X
FEHE PR TORKTARIN TS,

Db & 502, AKasid i LB R TEORE L . ZOHRMMEEZRGEEL 2@ Tah b, it (T
) OFRLICSEEDLWAEEZFHF DD L Il L, FARRZL LT [A1K] OREETT-> 72,





