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ABSTRACT: This primary aim of this theoretical paper is to investigate the
efficacy of a noise dissolving algorithm hinging on a TTSD (Triple Threshold Sta-
tistical Detection) filter originated in 2018 for applying to fixed intensity impulsive
noise at high density (75%-95%). It has the highest efficacy for dissolving impulse
noise exclusively on dense distributions. As a result, there are three essential
contributions: 1). the exhaustive explanation of the TTSD filter algorithm, 2).
the computation examples, 3). the calculation simulation of noise apprehension
correctness and overall comparative simulation of noise dissolving effectiveness for
RIIN at all densities (5%-90%). For TTSD filter, three malleable offsets that are
the complementary requirement are employed in the TTSD filter that can ade-
quately resolve the limitation of the antecedent noise dissolving algorithms. The
first malleable offset is calculated for determining the noise characteristic of all
elements using mathematical verification. Next, the second malleable offset is cal-
culated for determining another noise characteristic by using normal distribution
mathematical verification (the average value and standard deviation value). Later,
the third malleable offset is calculated for determining another noise characteristic
by using the quartile mathematical verification (median value). In the simulation
inquisition, the bountiful standard portraits that are desecrated by RIIN (Random
Intensity Impulse Noise) with many dense distributions are initially investigated
from a noise apprehension correctness performance point of view. Later, these
portraits are denoised by a noise dissolving algorithm hinging on TTSD, which is
compared with numerous state-of-art noise dissolving algorithms such as Median
filter (SMF), Mean/Gaussian filter, the adaptive median filter (AMF) technique,
and Bilateral filter (BF), in both quantitative and quality indexes.

DOTI: 10.37936/ ecti-cit.2021153.240960

Keywords: TTSD
(Triple Threshold
Statistical Detection)
Filter, Mean Filter,
Median Filter, Adap-
tive Median Filter
(AMF), Bilateral
Filter (BF)

Article history: received October 5, 2020; revised January 23, 2021; accepted August 8, 2021; available online October 21,

2021

1. THE INTRODUCTION OF NOISE DES-
SOLVING ALGORITHMS FOR IMPUL-
SIVVE NOISE

In the last three decades, many algorithms [1-20]
that hinge on distinctive techniques have been inves-
tigated and evolved for noise apprehension and noise
dissolving [10-20] in order to restore profaned por-
traits because there are great requirements for high
quality portraits, which have been used in modern
complex applications [1-4] such as medical imaging

[7-9], remote sensing [6], super resolution (SR) [5],
facial expression identification, smart CCTV system,
etc. Initially, the MF (median filter) technique [21]
was investigated and it has evolved since 1975 for
FIIN (Fix-Intensity Impulse Noise). However, this
MF technique dissolves every portrait dot (in both
noise-free dots and noisy dots) so many fine details of
dissolved portraits are lost. Later, the AMF (adap-
tive median filter) technique [22] which evolved from
the MF technique with adaptive window size was in-
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vestigated since 1994. AMF has better effectiveness
for FIIN. As a result, there are many contemporary
noise dissolving algorithms [23-31] which can usually
be separated into two essential processes: noise ap-
prehension and noise dissolving. They have been in-
vestigated and evolved during this period of time. As
a result, the TTSD filter technique [31] has been in-
vestigated and evolved for applying on fixed intensity
impulsive noise at high density (75%-95%). It has
a high dissolving effectiveness because the TTSD fil-
ter can adequately resolve the limitation of the an-
tecedent noise dissolving algorithms. No research
paper investigates the performance of TTSD when
the TTSD filter is applied on RIIN at other noise
densities. The TTSD filter has three malleable off-
sets that are the complementary requirement. The
first malleable offset is calculated for determining the
noise characteristic of all elements using mathemat-
ical verification. Next, the second malleable offset
is calculated for determining another noise charac-
teristic using the normal distribution mathematical
verification (the average value and standard devia-
tion value). Later, the third malleable offset is calcu-
lated for determining the another noise characteristic
using the quartile mathematical verification (median
value). Therefore, the three essential contributions of
this theoretical paper which investigates the efficacy
of the noise dissolving algorithm are:

e This paper provides the exhaustive explanation of
the TTSD filter algorithm (as shown in section 2).

e This paper provides the computation examples. (as
shown in section 3)

e This paper provides the calculation simulation of
noise apprehension correctness [33] (as shown in
section 4.1) and overall comparative simulation of
noise dissolving effectiveness (as shown in section
4.2) on Baboon, Resolution, F16, Girl, Lena, Mo-
bile, Pepper, Pentagon, House for RIIN at all den-
sity (5%-90%).

The summary of this theoretical paper is presented
in section 5.

2. THE THEORETICAL PERCEPTION OF
TTSD FILTER FOR NOISE APPREHEN-
SION

Define x as the starting portrait, which is con-
structed from a group of portrait dots z; ; at position
(i,4) where the portrait intensity range is defined in
Smin < Zij < Smaz O [Smin, Smaz|. Define y as the
starting point in an impulsive noisy portrait, which is
constructed of a group of portrait dots ¥; ; at position
(¢,7). Consequently, the noisy dots y; ; at position
(i,7) are analytically defined in (1),
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Smin at probability p
Yi,j =\ Smaz at probability ¢ (1)
x;;  at probability (1 —p—q)

where (p — ¢) is the noisy intensity.
For the RIIN (random intensity impulsive noise),

the intensity ranges of RIIN shall be analytically de-
fined during $,,in = 0 t0 Simes = 255.

An exhaustive explanation of the TTSD filter al-

gorithm for noise apprehension follows.

1.

Determine the first statistic moment value (p4)
and the second statistic moment value (o4) of
the portrait intensity dot of the window region
A, which is originally create to be A =5 x 5 at
mid-position y; j, excluding the mid-position dot
at position (4, j).

Determine the absolute difference p;; of other
nearby resident dots in the window region A with
the first statistic moment value (11 4) thus 24 deter-
mined absolute difference values (p;;) is computed.
Determine the first statistic moment value and the
second statistic moment value from the previous
24 determined absolute difference values (p;;) and,
later, the first constant 77, which is the first and
second statistic moment value in(2).

(2)

Determine the absolute difference ¢;; of the mid-
position dot ¥; ; and other 24 pixels in window
region A.

Determine the first statistic moment value p, from
all absolute difference ¢;; and defined the noise
signature (NS) as

Ty =pa+oa

NS = pq (3)

The y; ; is defined as noisy portrait dots if both
NS>Tyand (0<y,; <mor255—m<y; <
255) If they are not noise go to Procedure 7.
Determine the second constant 75, which is de-
fined by the Gaussian statistic formulation (the
first statistic moment value and the second statis-
tic moment value), as

(4.1)
(4.2)

Tomin = pa — 0.5 X 04y
Tomaz = pa+0.5Xoa

The y; ; are defined as noisy portrait dots if both
(yi,y < Topmin OF Yi,j > TQmaac) and (O < Yi,j <m
or 255—m < y; ; < 255). If they are not noise go

to Procedure 9.
Determine the third constant T3, which is de-

fined by quartile statistic formulation (the median
value), as

Tamin = Q1

(5.1)
T3mae = QS 5 2)

y(i-2.j+2) y(iijJrZ) }’(i»j+2) y(i+Lj+2) y(i+2,j+2)
=118/255 | =146/255 |=118/255 | =118/255 | =106/255
y(i=2j+) (=L j+1)| p(ij+1) pE+Lj+1)|y(i+2,j+1)
=128/255 | =104/255 =241/255 =28/255 =101/255
y(i-2.j) [ y(=1j) y(ij) | p(i+Lj) | y(i+2./)
=114/255 | =24/255 | =116/255 |=134/255 | =107/255

y(i+Lj-1)|y(i+2,j-1)
=107/255 | =108/255

y(i-2.j-)|pli=1,j=1) »(.j 1)
=105/255 | =74/255 | =111/255

(i=2,j-2) y(i-1,j-2)| ¥(i.J =2) [p(i+1j=2)|y(i+2.j-2)

=25/255 | =110/255 |=110/255 | =86/255 | =104255
»(i.7) is a noiseless data
s M6 U us 106
255 255 255 255 255
3l 21 28 10
255 255 255 255 255
114 24 116 134 107
Stepl  Ags=| 5% =5 B = oo
05 34 10 108
255 255 255 255 255
25 Lo Lo s 10
55 255 255 255 255
1, ~113.63/255  ©,=46.01/255
438 3238 4.38 4.38 7.63
255 255 255 255 255
14.38 9.63 127.38 85.63 12.63
255 255 255 255 255
— — — 0.38 89.63 20.38 6.63
Step 2 Pos=|Ags—py|=| 555 5% NaV 35 5%
8.63 39.63 263 6.63 35.63
255 255 255 255 255
111.38 3.63 3.63 27.63 9.63
255 255 255 255 255
Step3  Hp=2661/255  &,=37.12/255

T, = u, + 0, =26.61/255+37.12/255 = 63.73/255

2 30 2 2 1o
255 255 255 255 255
12 12 125 88 15
255 255 255 255 255
Step 4 Q.5 = |A5x5 _y(i»j)| = 225 % NaN :1585 :?5
4 5 9 s
255 255 255 255 255
0 6 6 30 12
255 255 255 255 255
Step5  u,=27.38/255
NS = u, =27.38/255
Step 6 NS(=27.38/255) 2T, (= 63.73/255) False
» (i,j) is a noiseless data
Step7 Ty =H,—05x0,= —0.5x %21 =90.62/255
T = M, +0.5x 0, =188 1 0 55 4801 =136 63/255
Step 8 (Topin <¥(1.) < Tor )

(T (=%8) <0 (1.1)(=

» (i,j) is a noiseless data

be)<r,

2max

( 1326,63)) True

Step 9

255 255 255 255 255 2550 255 2% 2% 2% 25 25
— () —L1(104 , 104 104

ijm - Ql - ( st 7%) 255
— — 1(118 118y _ 118

Tamax = Q3 - E( 755 T 255 ) — 255

Step 10 (T, < (i, )<T3m)

3min
ﬂss) (= 3 )STsmax (= %))

(B (=
)i

» (1 J) is a noiseless data

True

Fig.2: Calculation of the first example operation.

NO.3 December 202

1



Simulation Inquisition of Noise Dissolving Algorithm Hinge on Triple Threshold Statistical Detection Filter for Random Intensity 281
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Fig.3: Calculation of the second example operation.

10. The y; ; are defined as noisy portrait dots if both
(yij < Qi ory;; >Q3)and (0 <y;; < mor
255 —m <y, ; < 255 ) otherwise y; ; is defined
as noiseless portrait dots.

3. COMPUTATION EXAMPLES OF TTSD
FILTER

This section introduces the computation case of
TTSD filter for noise apprehension. The first com-
putation case of TTSD filter for noise apprehen-
sion is shown in figure 2 for explaining the compu-
tation procedure where y; ; is a noise-free portrait
dot (y;,; = 116) that is not profaned from the RIIN
and, consequently, the portrait dot y; ; is defined as a

noise-free portrait dot. However, the second compu-
tation case of TTSD filter for noise apprehension is
shown in figure 3 for explaining the computation pro-
cedure where y; ; is a noisy portrait dot (y; ; = 254)
that is profaned from the RIIN and, consequently, the
portrait dot y; ; is defined as a noisy portrait dot.

4. CALCULATION SIMULATION

This section first provides the calculation simula-
tion of noise apprehension correctness on nine por-
traits: Baboon, Resolution, F16, Girl, Lena, Mobile,
Pepper, Pentagon, and House for RIIN at all den-
sities (5%-90%) because the performance of TTSD
filter was only to be investigated on three standard
portraits for FIIN at density (75%-95%) in the past,
as shown in section 4.1.

Second, this section provides the overall compar-
ative simulation of noise dissolving effectiveness on
eight portraits: Baboon, Resolution, F16, Girl, Lena,
Mobile, Pepper, and House for RIIN at all densities
(10%-90%) as shown in section 4.2.

In this experiment, the parameters of TTSD are
set as window region A = 5x5, m = 255 and other pa-
rameters (such as is pa,04, 11, g, Tomin, Tomaz, @1,
Q3, T3min, T3maz) are automatic adaptive parame-
ters, which are computed by Eq.(2) — Eq.(5).

4.1 Calculation Simulation of Noise Appre-
hension Correctness

In these computation simulation, the nine pro-
faned portraits are used for testing the noise dissolv-
ing algorithm hinging on TTSD filter in the correct-
ness point of view. The correctness of noisy portrait
dots shall be analytically defined as shown in (6).

Accnoisy: Z (gestimated noisy pixels/ynoisy pixels) (6)

Vnoisy
pixels

The correctness of noise-free portrait dots shall be
analytically defined as shown in (7).

Accnoiseless = } (gestimated noiseless pixels/ynoisless pixels) (7)

Vnoiseless
pixels

The overall correctness of noisy and noise-free por-
trait dots shall be analytically defined as shown in

().

1 Jestimated nois; ! 1
y pixels
AcCoverall = 3 E e Rt

Ynoisy pixels

- Ynoiseless pixels
Vnoisy

pixels

Vnoiseless

The theoretical analysis of these computations of
the correctness of noise-free portrait dots, noisy por-
trait dots and overall correctness are shown in Tables
I, IT and III, respectively.
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Table 1: Computation Simulation of The Apprehension Correctness of Noisy Portrait Dots.
Tested Noisy Density (%)
Images
5 10 | 15 [ 20 [ 25 [ 30 | 35 | 40 | 45 | 50 | 55 [ 60 | es | 70 | 75 | 80 | 85 90
Lena 97.59 95.28 94.40 94.20 92.71 91.31 89.87 87.57 85.23 83.58 81.19 79.28 78.05 76.56 75.34 74.31 73.24 72.73
Mobile 90.54 88.98 88.95 87.72 86.34 84.72 83.04 81.48 79.52 77.73 77.06 75.87 74.64 73.99 73.40 72.70 72.40 71.80
Pepper 95.41 95.19 94.54 92.89 92.26 90.50 88.52 86.47 84.20 82.18 80.36 78.38 76.78 75.53 74.86 73.74 72.91 72.31
Pentagon 94.61 94.18 93.57 92.81 91.78 90.56 89.29 87.58 85.78 83.89 82.06 80.23 78.56 77.16 75.84 74.73 73.64 72.90
Girl 97.34 95.93 95.58 94.24 91.40 88.84 84.70 81.80 78.50 75.93 74.46 72.21 71.10 70.48 69.72 69.36 68.68 69.27
Resolution 88.55 86.47 85.28 85.22 84.52 83.79 81.68 80.56 79.36 77.07 76.93 74.94 72.86 73.14 71.29 70.39 70.30 69.03
Baboon 90.98 91.21 89.76 88.29 87.61 86.10 84.03 82.58 81.19 79.35 77.72 77.16 75.72 74.99 73.87 73.23 72.72 72.15
House 96.34 95.24 94.00 94.28 92.76 91.60 89.98 88.11 86.71 83.89 82.38 79.36 77.88 77.08 75.40 74.38 73.65 72.08
Airplane 96.73 95.99 95.55 93.68 91.92 90.06 86.73 83.61 81.14 78.97 77.45 75.53 74.83 73.76 72.73 7233 71.82 71.39
Average 94.23 93.16 92.40 91.48 90.14 88.61 86.43 84.42 82.40 80.29 78.85 77.00 75.60 74.74 73.61 72.80 72.15 71.52
Table 2: Computation Simulation of The Apprehension Correctness of Noise-Free Portrait Dots.
Tested Noisy Density (%)
Images
5 10 | 15 | 20 25 | 30 | 35 | 4 | 45 | 50 | 55 | 60 | 65 | 70 | 715 | s | 85 90
Lena 5291 56.38 59.19 61.18 62.76 63.64 64.28 64.63 64.74 64.68 64.23 63.51 63.11 62.19 61.89 61.38 61.16 60.80
Mobile 39.63 4243 43.74 45.20 46.16 46.01 45.71 44.92 43.69 42.42 41.05 39.65 38.52 37.04 35.66 34.59 33.71 32.95
Pepper 55.51 58.81 60.73 61.44 61.35 60.88 59.74 58.16 56.61 55.46 53.53 5221 50.59 49.55 48.41 48.04 47.49 47.62
Pentagon 49.05 53.62 56.67 59.15 61.24 63.08 64.71 66.42 67.63 68.60 69.55 70.11 70.58 71.16 71.25 71.52 71.60 71.56
Girl 36.27 39.88 41.85 41.01 39.07 36.51 32.67 29.58 26.21 23.66 21.87 20.53 19.53 18.71 18.26 18.05 17.71 17.54
Resolution 5.51 5.29 4.98 4.96 4.63 421 4.12 3.62 3.37 2.96 2.82 247 2.09 1.69 143 121 0.84 0.50
Baboon 45.61 48.71 50.77 51.90 52.87 52.92 52.89 53.02 53.11 52.87 53.26 53.43 53.53 53.87 53.58 53.61 53.41 52.95
House 40.20 43.88 46.99 50.22 52.59 54.77 56.47 58.14 59.93 60.64 61.34 61.93 62.00 62.01 61.85 61.22 60.77 60.40
Airp]ane 42.41 45.78 48.39 48.59 48.38 46.58 43.88 41.34 38.22 36.92 35.37 33.92 32.91 32.17 31.54 31.19 31.09 31.28
Average 40.79 43.87 45.92 47.07 47.67 47.62 47.16 46.65 45.95 45.36 44.78 44.20 43.65 43.16 42.65 42.31 41.98 41.73
Table 3: Computation Simulation of The Apprehension Correctness of Overall Noisy and Noise-Free Portrait
Dots.
Tested Noisy Density (%)
Images
5 10 | 15 [ 20 [ 25 [ 30 | 35 | 40 | 45 | 50 | 55 [ 60 | es | 70 | 75 | 80 | 85 90
Lena 75.25 75.83 76.80 77.69 77.74 77.48 77.08 76.10 74.99 74.13 72.71 71.40 70.58 69.38 68.62 67.85 67.20 66.77
Mobile 65.09 65.71 66.35 66.46 66.25 65.37 64.38 63.20 61.61 60.08 59.06 57.76 56.58 55.52 54.53 53.65 53.06 5238
Pepper 75.46 77.00 77.64 7717 76.81 75.69 74.13 72.32 70.41 68.82 66.95 65.30 63.69 62.54 61.64 60.89 60.20 59.97
Pentagon 71.83 73.90 75.12 75.98 76.51 76.82 77.00 77.00 76.71 76.25 75.81 75.17 74.57 74.16 73.55 73.13 72.62 7223
Girl 66.81 67.91 68.72 67.63 65.24 62.68 58.69 55.69 52.36 49.80 48.17 46.37 45.32 44.60 43.99 43.71 43.20 43.41
Resolution 47.03 45.88 45.13 45.09 44.58 44.00 42.90 42.09 41.37 40.02 39.88 38.71 37.48 37.42 36.36 35.80 35.57 34.77
Baboon 68.30 69.96 70.27 70.10 70.24 69.51 68.46 67.80 67.15 66.11 65.49 65.30 64.63 64.43 63.73 63.42 63.07 62.55
House 68.27 69.56 70.50 72.25 72.68 73.19 73.23 73.13 73.32 7227 71.86 70.65 69.94 69.55 68.63 67.80 67.21 66.24
Airplane 69.57 70.89 71.97 71.14 70.15 68.32 65.31 62.48 59.68 57.95 56.41 54.73 53.87 52.97 52.14 51.76 51.46 51.34
Average 67.51 68.51 69.16 69.28 68.91 68.12 66.80 65.53 64.17 62.82 61.81 60.60 59.63 58.95 58.13 57.55 57.06 56.63

From the computation simulation results in Ta-
ble I, the noise apprehension hinging on TTSD filter
has superior efficacy for RIIN due to the fact that
the apprehension correctness of noisy portrait dots
(Accnoisy) is around 71%-94% for the case when noisy
portrait dots are exposed as noisy portrait dots. As
a result, the efficacy correctness has little relating to
density of distributions.

From the computation simulation results in Ta-
ble II, the noise-free apprehension hinging on TTSD
filter has moderate efficacy for RIIN due to the
fact that the correctness of noise-free portrait dots
(AcChoiseless) is around 41%-48% for the case when
noise-free portrait dots are exposed as noise-free por-
trait dots. As a result, the efficacy correctness does
not relate to density of distributions.

From the computation simulation results in Table
II1, the overall apprehension hinging on TTSD filter
has good efficacy for RIIN due to the fact that the
correctness of both noisy and noise-free portrait dot
(Accoveran) is about 57%-69%.

From the results in Table I - III, the noise appre-

hension hinging on TTSD filter has high efficacy for
noisy portrait dots. However the noise reduction has
moderate efficacy for noise-free portrait dots. There-
fore, the noise for noise-free portrait dots must be
improved in order to increase the performance of the
overall noise reduction hinging on TTSD filter.

From these statistical results of TTSD based on
Gaussian model and Median model, the outlier detec-
tion (in Table I) has dramatically high performance
(72%-95%), but the noise-free detection performance
(in Table II) has moderate performance (42%-48%).
Hence, the overall detection performance (in Table
I1T) is moderate-high performance (57%-68%). Since
the Gaussian model is not desired for random value
impulsive noise (RVIN), which is a non-linear distri-
bution, the outlier distribution is higher than 30%,
so the statistical model accuracy decreases. There-
fore, the overall detection performance has the best
performance at about 20%-25% noisy density.
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Fig.4(a): Visual computation simulation of noise
dis-solving algorithm on RIIN (Lena : 50%)
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Fig.4(c): Visual computation simulation of noise
dis-solving algorithm on RIIN (Lena : 70%)
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Fig.4(b): Visual computation simulation of noise
dis-solving algorithm on RIIN (Lena : 60%)

Fig.4(d): Visual computation simulation of noise
dissolving algorithm on RIIN (Lena : 80%)
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4.2 Calculation Simulation of Noise Dissolv-
ing

In this computation simulation, the efficacy of the
noise dissolving algorithm that hinges on TTSD fil-
ter for RIIN (Random Intensity Impulse Noise) ex-
periments are tested on eight guideline portraits of
Baboon, Resolution, F16, Girl, Lena, Mobile, Pep-
per, and House in objective measurement (PSNR)
as displayed in Table IV. For proving the noise dis-
solving efficacy, numerous state-of-art noise dissolv-
ing algorithms such as SMF (Median filter) [21],
Mean/Gaussian filter [1], AMF (adaptive median fil-
ter) technique [22] and BF (Bilateral filter) [10] are
comparatively implemented. Due to limited space,
only partial visual comparative results of the compu-
tation simulation of noise dissolving algorithm hing-
ing on TTSD filter and numerous state-of-art noise
dissolving algorithms such as SMF (Median filter)
[21], Mean/Gaussian filter [1], AMF (adaptive me-
dian filter) technique [22] and BF (Bilateral filter)
[10] for Lena image under RIIN at 50%, 60%, 70% and
80% are shown in Figures 4(a), 4(b), 4(c) and 4(d),
respectively. From the computation simulation re-
sults in Table IV, we conclude that the noise dissolv-
ing algorithm that hinges on TTSD filter has higher
efficacy for RIIV than previous state-of-art noise dis-
solving algorithms. Our noise dissolving algorithm is
closely equal to SMF performance because of the lim-
itation of the noise hinges on the TTSD filter of for
noise-free portrait dots.

5. CONCLUSION AND FUTURE RESEARCH

This paper investigated the efficacy of the
noise dissolving algorithm hinging on TTSD (Triple
Threshold Statistical Detection) filter for RIIN situ-
ation. There are three primary contributions of this
theoretical paper. The first contribution of this the-
oretical paper is the exhaustive explanation of the
TTSD filter algorithm and its computation examples.
The second contribution of this paper is the calcu-
lation simulation of noise apprehension correctness
on nine profaned portraits. The third contribution
of this paper is an overall comparative simulation of
noise dissolving effectiveness. From the computation,
simulation results prove the noise apprehension hing-
ing on TTSD filter has superior efficacy for RIIN for
noise reduction.

For future research, the performance for noise-free
portrait dots will be developed in order to increase the
overall noise filtering hinging on TTSD filter because
it has high efficacy for noisy portrait dots but only
moderate efficacy for noise-free portrait dots.
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Table 4: Computation Simulation of Noise Dissolving Algorithm on RIIN (Random Intensity Impulse
Noises).

RIIN PSNR «dB)
Tested Nt Noisy Noise Dissolving Algorithm
Images Density | Image SMF Mean BF TTSD
3x3) 3x3) ax7h
10 19.7193 31.1555 284992 232743 27.0308
20 166527 29.7106 23.1270 201254 253046
30 149222 27.5271 20.1302 18.3009 236748
40 13.6990 249693 18.0338 169688 221054
Lena 50 12,6883 223406 163540 158657 205781
60 11.8913 19.7498 149043 149352 19.0484
70 112184 17.7591 13.7787 14.1493 17.8064
80 10,6422 160345 12.8356 134958 16.6867
90 101515 145334 120228 129029 156162
10 184574 214778 22,6605 21.1309 214697
20 155151 20.8069 19.7674 18.3320 19.7203
30 13.7727 19.7265 174115 16.5240 18.1395
40 125299 185715 156813 15.1840 17.1620
Mobile 50 11.5304 17.1060 14.1777 14.0583 16.1111
60 10.7497 155745 129999 13.1263 15.1169
70 10.0875 142337 119869 123371 14.1821
80 94794 129625 11.0907 11.598 132804
90 8.9565 118224 102919 109422 124184
10 19.1143 314270 274518 22.5795 26.1886
20 160921 28.8665 223782 194544 242609
30 14.3745 26.5900 194227 175963 224560
40 13.1825 233362 17.2699 162432 20.6837
Pepper 50 122029 20.7731 156064 15.1355 19.0615
60 11.3328 182128 14.0825 14.0998 17.4893
70 10.7068 16.2565 13.0203 13.3352 16.2845
80 10.1086 145768 12,0629 12.5873 15.0876
90 96144 132495 112712 119859 14.1333
10 164414 31.6049 251361 19.8441 26.1126
20 134343 28.1774 19.5726 16,5271 219282
30 11.6674 238175 164551 14.5072 188310
40 103946 198213 14.1249 129416 163318
Girl 50 9.4483 16.7201 123872 11.7438 144532
60 86223 14.0847 109357 10.6637 12,7839
70 79734 12.1107 9816 98004 114817
80 7.3939 10471 8.7676 89936 103334
90 6.8638 9.156 79151 82609 9.2884
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Table 5:
Noises)(Cont.).

RIIN PSNR dB)
Tested Noise Noisy Noise Dissolving Algorithm
Images Density | Image SMF Mean BF TTSD
3x3 3x3) ax7
10 17.7992 18.6254 193307 19.9250 203509
20 146190 179190 18.1559 17.0606 17.8749
30 12.7370 17:1231 17.1165 152128 16.0618
40 11.3691 16.2456 15.6699 13.7440 145832
Resolution 50 10.5048 155229 14.6288 12.8047 13.7096
60 9751 143607 133621 119178 12.8543
70 91026 13.6671 12362 11.1682 12,1576
80 84955 123904 111211 104038 113811
90 8.0315 11.6735 102316 98152 10.8036
10 19.0749 238479 246334 221068 23.1571
20 159625 232534 21.1268 19.0599 215186
30 14.1482 221778 18.5430 17.1939 203731
40 129746 20.7006 16.6380 158863 19.1600
Baboon 50 11.9065 18.8489 149295 14,6632 177714
60 11.1069 16.886 13.6301 137311 16.4986
70 10481 153038 126318 129651 154147
80 98878 13876 116611 122295 143782
90 93525 125788 10.8606 11.5425 13.3745
10 19.9240 29.1907 28.1393 233222 26.6038
20 168977 27.1182 23.6444 203087 241713
30 14.9941 259646 202225 18.3646 228710
40 13.7847 233376 18.0839 17.0179 21.6547
House 50 12.8873 21.3497 16.5254 16.0516 204470
60 119718 19.4005 15.0676 15.0585 192187
70 11.3002 17.4083 139722 143011 18.0204
80 10.8508 16.1719 13.1952 13.8077 172287
90 103279 147128 12349 132016 16.1978
10 179926 30.6080 264177 213810 255989
20 14.9461 28.2088 209798 18.1387 23.1623
30 13.2327 244688 177748 16.1865 20.7702
40 11.9817 21.5319 155969 14.7203 18.6289
Fl6 50 11.0346 18.5183 139691 13.5686 16.8527
60 10.1911 16.0061 125764 12,5212 15.1914
70 95278 14.0224 11.4404 11.665 13.8499
80 8.9038 122414 104369 108311 12,5523
90 84097 109895 9.6465 10.1623 11.5498
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