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Advances in local image statistical analysis have made possible the random-
valued impulse noise detection but the current noise detections based on
ROAD (Rank-Ordered Absolute Differences), ROLD (Rank-Ordered
Logarithmic Differences) and RORD (Rank-Ordered Relative Differences),
which are the most three effective and practical detections using the local
image statistical characteristic, operates effectively on different noise density
and different image statistical characteristic. To address these issues, this
paper proposes the comparative analysis on the noise detections based on
ROAD, ROLD and RORD. Therefore, the first contribution is the
comparative statistical distribution of these three noise detections.
By comprehensive experiment at each noise density, the optimized detected
threshold is later determined from four benchmark data: Lena, Girl, Pepper

ROLD and Airplane. Moreover, the maximum detection accuracy for each case is
RORD comparatively demonstrated by using the noise detections based on ROAD,
ROLD and RORD with the optimized detected threshold.
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1. INTRODUCTION

Because of communication errors, memory located faulty, malfunctioning CCD sensors, and ADC
synchronizing errors, impulse noise [1-4] traditionally contaminates captured digital images. The primary
property of this noise [5-21] is that only some group of the pixels is contaminated and another group of the
pixels are noiseless. In real implementation, the noise detection [7-21], which is one of the main processes of
the image denoising process, is elementary process for forthcoming and advance image process [22-24] such
as object classification, face hallucination, car license plate detection, etc. The main objective of noise
detection is to classify noisy pixels and noiseless pixels. This section introduces some research documents
from the noise detection based on the local image statistical characteristic point of view because the noise
detection is one of the most primary processes of the image denoising process and directly impact to the
image denoising performance. First, the median filtering (MF) technique [5-7] is used to detect the impulsive
noise. Later, the AMF (Adaptive Median Filter) [14, 25] is developed from MF to be noise detected process.
Next, the ROAD (Rank-Ordered Absolute Differences) [26], which is the first local image statistical
characteristic technique that is used to be image denoising process, has been proposed in 2005. Subsequent,
the ROLD (Rank-Ordered Logarithmic Differences) [27], which is developed from ROAD to improve its
performance in high noise density, has been proposed in 2007. Finally, the ROAD (Rank-Ordered Relative
Differences) [28], which is developed from ROAD and ROLD to improve its performance in low noise
density, has been proposed in 2008. Consequently, these three noise detected techniques operates effectively
on different noise density and different image statistical characteristic. To address these issues, this paper
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proposes the comparative analysis on the noise detections based on ROAD, ROLD and RORD from the
comparative statistical distribution point of view and, moreover, the optimized detected threshold is later
determined from four benchmark data: Lena, Girl, Pepper and Airplane by experimenting on several noise
density. Furthermore, with the optimized detected threshold, the maximum detection accuracy for each case
is comparatively demonstrated by using the noise detections based on ROAD, ROLD and RORD.

2.  RELATED THEORY
2.1. Mathematical of Random-Valued Impulse Noise

Support that the original image is X where X.ijs the original image pixel at location (i.J) that is
<x . <s
i)

min — N

s max where [Stin S ] is the intensity range of this image. Support that the noisy image is ¥ where

Yii is the contaminated image pixel at location (i’j), which can be mathematically expressed as
following (1):

Smin at probability p
Yi.i =1 Smax at probability g
x,; atprobability (1- p—q)

R where (p-a) is the noise level. @)

2.2. ROAD (Rank-Ordered Absolute Differences) Statistic

i Q. =3(s,t))-N<s,t<N} . .
Support that the computed image pixel Y at location (1) and " {(S ) s } is its
(2N +1)x(2N +1)

group of neighborhood pixels (with the window size at ), which is centered at location

(i, j). The ROAD (Rank-Ordered Absolute Differences) Statistic [26] can be mathematically defined as:

ROADm(i)=iZ::ﬁ(i) @

2\ _ sth
where r()=1" smallest D(yi’j)'v(s't)eg’“ and D(y”) is defined as the absolute difference between the

yi+s,j+t

gray-level intensity and Vi or can he mathematically defined as:

Yivs,jrt — Yisj|» V(S,t) eQ,

D(yivi): ©)

From the simplicity and computational experimental analysis reason [26], this paper defines m=4
therefore the ROAD can be mathematically simplified as:

ROAD, (i) = 35 (i)

4

4)

In this paper, the normalized ROAD, which is used for analyzing, can be mathematically defined as:
m 4

ROAD, (i)=1>"r (i) ROAD,(i)=1>"r(i)
i=1 =1

or !

' ()
2.3. ROLD (Rank-Ordered Logarithmic Differences) Statistic

In order to detecting noisy pixel and noises pixel under the noise density levels as high as 60%,
ROLD statistic technique [27] is desired and developed from ROAD statistic technique and the ROLD
(Rank-Ordered Logarithmic Differences) Statistic can be mathematically defined as:

D(yiyj):1+max{loga

yi+s,j+t - ij ,—b}/b,V(S,t) € QN

(6)
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From the simplicity and computational experimental analysis reason [27], this paper defines a=2
and D=5 therefore the ROLD can be mathematically simplified as:

D(yiyj ) =1+ max{logz Yiss,jst = Yiij ,—5}/5,V(S,t) €Ly

)
In this paper, the normalized ROLD, which is used for analyzing, can be mathematically defined as:
m 4
ROLD, (i)=21>'r(i) ROLD,(i)=1> r (i)
i=1 or i=1 (8)

2.4, ROAD (Rank-Ordered Relative Differences) Statistic

yi+s,j+t

The absolute difference D(y”) between the gray-level intensity and Yii can be usually

used for defining whether a computed image pixel Yii is contaminated by impulse noise. In general, if the
absolute difference (y”) is large then the impulse noise likely contaminates the computed image pixel Yii

Yies,jut are contaminated but the computed image pixel Yiiis

however If their neighbor image pixels
noiseless then the absolute difference D(y”) is large or if the computed window contains a sharp edge

. D(y.:) . . . .
texture then the absolute difference (y”) is large. In order to improve the performance of noisy/noiseless
detected rate, the RORD statistic technique [28], which is desired and developed from ROAD statistic
technique by using a reference image, can be mathematically defined as:

D(¥,)=

y:y_axyref (10)

9i+s,j+t_yi,j ) V(S,t)EQN (g)

From the simplicity and computational experimental analysis reason [28], the reference image Vet
in this paper is computed from the contaminated image by filtering by MF (median filter) denoising process
and & is usually set to be 0.5.

In this paper, the normalized RORD, which is used for analyzing, can be mathematically defined as:

RORD, (i)=2>'r(i)  RORD,( %ir

i1 or i= (12)

3. COMPARATIVE EXPERIMENTAL RESULTS
3.1. The Simulated Estimation of Optimized Noise Threholds

First, this experiment investigates the statistical distribution of the noisy and noiseless pixels of the
ROAD, ROLD and RORD by using four benchmark data: Airplane, Girl, Lena, and Pepper under many
impulse noise densities (from 5% to 90%) as shown in Figure 1 to Figure 4, respectively. Then, the optimized
thresholds for classifying noisy and noiseless pixels are estimated for each image at each noise density from
the maximum detection accuracy perspective. The noise detection accuracy is defined as:

. [ number of estimated noisy pixels | , ( number of estimated noiseless pixels
Accuracy = 5 +3

number of noisy pixels number of noiseless pixels (12)

3.2. The Simulated Results of Noise Detection Accuracy

Later, by using the optimized thresholds for classifying noisy and noiseless pixels, this experiment
investigates the noise detection accuracy of the ROAD, ROLD and RORD by using four benchmark data:
Airplane, Girl, Lena, and Pepper under many impulse noise densities (from 5% to 90%) as shown in Table 1
to Table 4, respectively. From this experimental result, the RORD has the highest noise detection accuracy
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under low impulse noise densities (< 40%) but the ROLD has the highest noise detection accuracy under high
impulse noise densities (> 60%). The ROAD usually has lower noise detection accuracy than ROLD and
RORD in almost all cases because both ROLD and RORD are developed and modified from ROAD.
Compared to AMF (Adaptive Median Filter) [14, 25], the ROAD, ROLD and RORD has higher noise
detection accuracy because the AMF is desired for Salt&Pepper noise.

Table 1. The Noise Detection Performance: Airplain

Noise Impulse Noise Density (%)

D‘?}ggﬂ_"” 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 8 90
AME 081 078 075 072 070 068 066 064 062 061 060 059 058 057 056 056 055 0.55
54 31 11 74 61 47 17 49 8 8 75 57 70 8 97 28 83 25
ROAD 091 091 091 091 091 091 090 089 089 088 087 086 085 084 084 083 083 082
90 73 71 78 41 09 68 92 28 47 59 68 70 87 33 88 51 98
ROLD 091 091 091 091 091 091 090 090 089 089 088 087 086 085 085 084 084 083
97 64 66 79 46 14 8 212 71 01 42 79 79 83 12 63 16 70
RORD 093 092 092 092 091 091 09 089 088 087 086 085 084 083 083 082 082 081
01 63 52 33 85 18 60 57 92 76 94 77 63 69 07 47 08 70
Table 2. The Noise Detection Performance: Girl
Noise Impulse Noise Density (%)
Detectio
nTech S 10 15 20 25 30 3 40 45 50 55 60 65 70 75 80 85 90
AvE 073 069 065 062 058 056 053 052 050 048 046 045 043 042 040 039 038 037
63 10 58 09 80 32 81 17 21 21 17 6 78 41 9 55 31 12
ROAD 093 093 093 093 093 093 092 091 091 090 089 088 087 08 086 085 084 084
81 57 84 83 62 02 47 9% 27 33 57 57 59 93 04 24 67 20
RoLp 093 093 093 093 093 093 092 092 092 091 090 089 083 088 087 08 086 085
85 49 87 78 67 15 65 37 06 32 76 8 94 26 42 62 09 60
RORp 094 093 094 093 093 092 091 091 090 088 087 086 084 083 082 081 080 079
60 99 03 84 37 62 81 15 19 8 88 22 78 61 23 07 02 43
Table 3. The Noise Detection Performance: Lena
Noise Impulse Noise Density (%)
Detectio
nTech 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
AvE 083 081 078 076 074 072 070 069 067 066 064 063 063 061 061 060 059 059
95 33 96 50 28 33 49 20 73 24 86 7302 92 15 40 7309
RoaD 094 091 091 090 090 090 089 089 088 087 08 086 085 084 084 083 083 082
95 06 26 97 45 20 71 01 34 69 67 05 47 62 05 38 05 63
RoLp 095 090 091 090 090 090 090 089 088 088 087 08 086 085 084 083 083 082
15 98 28 87 45 36 00 54 99 56 53 81 06 12 54 84 33 87
RORp 095 092 092 091 090 090 089 089 088 087 086 085 085 084 083 083 083 082
39 33 02 65 88 40 98 29 59 88 72 91 28 48 87 41 05 64
Table 4. The Noise Detection Performance: Pepper
Noise Impulse Noise Density (%)
Detecti
on 5 10 15 20 25 30 3 40 45 50 55 60 65 70 75 80 85 90
Tech.
AvE 085 081 078 076 073 071 070 068 066 065 064 062 061 060 059 059 058 058
50 89 93 38 68 91 02 19 53 39 11 63 76 73 8 07 63 03
RoaD 091 091 091 090 090 090 089 089 088 087 08 085 085 084 083 082 082 082
69 28 26 72 65 24 95 04 15 28 88 93 23 43 66 90 83 46
RoLp 091 091 091 090 090 090 090 089 088 083 087 086 085 085 084 083 083 082
53 15 2475 71 37 22 39 83 00 61 75 95 05 16 34 17 78
RORp 092 092 091 091 090 090 089 089 088 087 08 085 084 083 082 082 082 081
99 17 93 39 9% 35 89 00 16 16 56 36 50 64 78 12 05 82

4. EXPERIMENTAL SUMMARY

This paper presents the comparative analysis on the noise detections based on ROAD, ROLD and
RORD. Therefore, the first contribution is the comparative statistical distribution of these three noise
detections. By comprehensive experiment at each noise density, the optimized detected threshold is later
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determined from four benchmark data: Lena, Girl, Pepper and Airplane. Seond, the maximum detection
accuracy for each case is comparatively demonstrated by using the noise detections based on ROAD, ROLD
and RORD with the optimized detected threshold.
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