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Simulation Inquisition of Noise Dissolving
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Noise Situation
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ABSTRACT: This primary aim of this theoretical paper is to investigate the
e�cacy of a noise dissolving algorithm hinging on a TTSD (Triple Threshold Sta-
tistical Detection) �lter originated in 2018 for applying to �xed intensity impulsive
noise at high density (75%-95%). It has the highest e�cacy for dissolving impulse
noise exclusively on dense distributions. As a result, there are three essential
contributions: 1). the exhaustive explanation of the TTSD �lter algorithm, 2).
the computation examples, 3). the calculation simulation of noise apprehension
correctness and overall comparative simulation of noise dissolving e�ectiveness for
RIIN at all densities (5%-90%). For TTSD �lter, three malleable o�sets that are
the complementary requirement are employed in the TTSD �lter that can ade-
quately resolve the limitation of the antecedent noise dissolving algorithms. The
�rst malleable o�set is calculated for determining the noise characteristic of all
elements using mathematical veri�cation. Next, the second malleable o�set is cal-
culated for determining another noise characteristic by using normal distribution
mathematical veri�cation (the average value and standard deviation value). Later,
the third malleable o�set is calculated for determining another noise characteristic
by using the quartile mathematical veri�cation (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
�lter (SMF), Mean/Gaussian �lter, the adaptive median �lter (AMF) technique,
and Bilateral �lter (BF), in both quantitative and quality indexes.
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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 identi�cation, smart CCTV system,
etc. Initially, the MF (median �lter) 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 �ne details of
dissolved portraits are lost. Later, the AMF (adap-
tive median �lter) 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:

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

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

• 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 xi,j at position
(i, j) where the portrait intensity range is defined in
smin ≤ xi,j ≤ smax or [smin, smax]. Define y as the
starting point in an impulsive noisy portrait, which is
constructed of a group of portrait dots yi,j at position
(i, j). Consequently, the noisy dots yi,j at position
(i, j) are analytically defined in (1), Fig.1: Flowchart of TTSD Filter for Noise Appre-

hension.
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yi,j =

 smin at probability p
smax at probability q
xi,j at probability (1 − p− q)

(1)

where (p− q) is the noisy intensity.
For the RIIN (random intensity impulsive noise),

the intensity ranges of RIIN shall be analytically de-
fined during smin = 0 to smax = 255.

An exhaustive explanation of the TTSD filter al-
gorithm for noise apprehension follows.
1. Determine the first statistic moment value (µA)

and the second statistic moment value (σA) of
the portrait intensity dot of the window region
A, which is originally create to be A = 5 × 5 at
mid-position yi,j , excluding the mid-position dot
at position (i, j).

2. Determine the absolute difference pij of other
nearby resident dots in the window region A with
the first statistic moment value (µA) thus 24 deter-
mined absolute difference values (pij) is computed.

3. Determine the first statistic moment value and the
second statistic moment value from the previous
24 determined absolute difference values (pij) and,
later, the first constant T1, which is the first and
second statistic moment value in(2).

T1 = µA + σA (2)

4. Determine the absolute difference qij of the mid-
position dot yi,j and other 24 pixels in window
region A.

5. Determine the first statistic moment value µq from
all absolute difference qij and defined the noise
signature (NS) as

NS = µq (3)

6. The yi,j is defined as noisy portrait dots if both
NS ≥ T1 and (0 ≤ yi,j ≤ m or 255 −m ≤ yi,j ≤
255) If they are not noise go to Procedure 7.

7. Determine the second constant T2, which is de-
fined by the Gaussian statistic formulation (the
first statistic moment value and the second statis-
tic moment value), as

T2min = µA − 0.5 × σA (4.1)
T2max = µA + 0.5 × σA (4.2)

8. The yi,j are defined as noisy portrait dots if both
(yi,y ≤ T2min or yi,j ≥ T2max) and (0 ≤ yi,j ≤ m
or 255−m ≤ yi,j ≤ 255). If they are not noise go
to Procedure 9.

9. Determine the third constant T3, which is de-
fined by quartile statistic formulation (the median
value), as

T3min = Q1 (5.1)
T3max = Q3 (5.2)

Fig.2: Calculation of the first example operation.
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Fig.3: Calculation of the second example operation.

10. The yi,j are defined as noisy portrait dots if both
(yi,j ≤ Q1 or yi,j ≥ Q3) and (0 ≤ yi,j ≤ m or
255 −m ≤ yi,j ≤ 255 ) otherwise yi,j 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 yi,j is a noise-free portrait
dot (yi,j = 116) that is not profaned from the RIIN
and, consequently, the portrait dot yi,j 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 yi,j is a noisy portrait dot (yi,j = 254)
that is profaned from the RIIN and, consequently, the
portrait dot yi,j 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 regionA = 5×5, m = 255 and other pa-
rameters (such as is µA, σA, T1, µq, T2min, T2max, Q1,
Q3, T3min, T3max) 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 =
∑

∀noisy
pixels

(ŷestimated noisy pixels/ynoisy pixels) (6)

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

Accnoiseless =
∑

∀noiseless
pixels

(ŷestimated noiseless pixels/ynoisless pixels)

The overall correctness of noisy and noise-free por-
trait dots shall be analytically defined as shown in
(8).

Accoverall =

1

2

∑
∀noisy
pixels

(
ŷestimated noisy pixels

ynoisy pixels

)
+

1

2

∑
∀noiseless

pixels

(
ŷestimated noiseless pixels

ynoiseless pixels

)

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, II and III, respectively.

(7)

(8)
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Table 1: Computation Simulation of The Apprehension Correctness of Noisy Portrait Dots.

Table 2: Computation Simulation of The Apprehension Correctness of Noise-Free Portrait Dots.

Table 3: Computation Simulation of The Apprehension Correctness of Overall Noisy and Noise-Free Portrait
Dots.

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
(Accnoiseless) 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
III, 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
(Accoverall) 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
III) 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%)

Fig.4(b): Visual computation simulation of noise
dis-solving algorithm on RIIN (Lena : 60%)

Fig.4(c): Visual computation simulation of noise
dis-solving algorithm on RIIN (Lena : 70%)

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).
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Table 5: Computation Simulation of Noise Dissolving Algorithm on RIIN (Random Intensity Impulse
Noises)(Cont.).
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