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Abstract —This paper proposes the systematic approach for de-noising of remote sensing imagery. In this study, we
have utilized Landsat8 Dataset. As a first step, estimated the Additive White Gaussian Noise level (AWGN) using Block
based Singular Value Decomposition (BSVD) approach. Denoise this imagery with the help of Dual-Tree Complex
WaveletTransform (DT-CWT) coefficients andfurther enhance the image using Bilateral Filter. Our proposed method
was compared with the state of art denoising methods on the basis of Peak Signal to Noise Ratio (PSNR), Structural
Similarity Index (SSIM) with existing methods and proved that this technique achieves the good statistics and qualitytoo.

Keywords-Additive White Gaussian Noise, Block based SVD approach, Dual Tree Complex- Wavelet Transform,
Bilateral Filter.

l. INTRODUCTION

Noise is one of the main elements that could be avoided in signal/lmage processing domain. In general, Prior
knowledge about the noise is essential for denoising of images. Image De-noising involves so many techniques [1-5]
Singular Value Decomposition (SVD) is also one of them. There must be a specific algorithm, to decide whether the
noise is due to illumination, colour or texture variations. This work has been prepared as an extension for the work [6].
Basically, attack of noise is one of the two types i.e., Additive orMultiplicative. The fundamental equations for these
noise types are represented in eq. (1) and (2).

Y(x,y) = X(x,y) + N(x,y) 1)

Y(x,y) = X(x,¥) * N(x,y) 2
Where, X, N and Y are Input Image, Noise intensity and output images respectively.x and yrepresentthe location of the
pixel. Actually, N is independent of input image. For the sake of simplicity, we have considered an AWGN noise attack.
The generalized equation for Gaussian Noise is given in eq. (3).

1 —@-p)2
f)=—=e2 (3)

Where, o represents Noise Standard Deviation,pis the mean of the noise. For Zero Mean Additive Gaussian noise
(n = 0). So, obviously the entire distributiondepends on the noise standard deviation. Out of three AWGN estimation
methods (i.e., Filter based, block based and transform based) block based discussed in this paper.Discrete Wavelet
(DWT) extensively has a number of applications in Denoising, Fusion and Enhancement [7-10]. It decomposes the image
into four bands LL, LH, HL and HH by rowand column wise. Dual-Tree Complex Wavelet has been elaborately
discussed in this paper.Conceptually, Dual tree DWT consists of two separable DWT and for Complex Dual Tree DWT
(DT-CWT) [11] there are four separable 1D DWT two for Row and Column and remaining two for Real and Imaginary
coefficients respectively. It is oriented in six distinct directions.The nonlinear AdaptiveBilateral Filter (ABF) enhances
the image with edge preservation. It deserves size and contrast of the image. It is weighted average denoising filter with
followed edge variations.

The bilateral Filter (BF) is defined by [12]

BF[1,] = 5 Zqes Go, (p = alDGy, (1, = Loall) 15 (4)
Where W, is a normalized factor given by

W, = Yqes Gy, (o — qDG,. (|1, = 1,4])) 5)

Where, o, and o, Measure the amount of filtering for input image me (p, ).
G, Isthe spatial Gaussian factor, which varies inversely with distinct pixels.

G,, is a range Gaussian factor, which decreases the influence of q pixel with an intensity different from I,,.
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1. PROPOSED METHOD AND MATERIALS

The proposed method has thefollowing three modules to solve the problem discussed in the last session.(i) Noise
Estimation using Block based SVD approach. (ii) CT-DWT based Denoising and (iii) ABF based edge enhancement.In
this section discuss about each module in detail.

2.1 Block Based SVD Approach For AWGN Estimation
To rectify the major challenges in the enhancement of remote sensing imagery, estimation of noise effect is vital step
towards the target. For that we have used [13] BSVD based AWGN noise With the help of Singular Value
Decomposition (SVD).In this method entire image can be represented using three matrices,U,S and V. S is the matrix
thatrepresents the image details in statistics as a proportion of signal strength. Before going to into Block based SVD
approach, let us have a look on SVD.The below eq.(6) Shows basic concept of SVD.
A = UXSXVT (6)

Where UUT = Imm;VTV = Inn (Imm and Inn denote the m-square and n-square identity Matrices. m and n represents
the row and column of the image at. The columns of U are orthonormal Eigenvectorsof AAT, the columns of V are
orthonormal Eigen vectors ATA, and S is a diagonal matrix containing the square roots of Eigenvalues of AAT or ATA
arranged in the descending order.This view is enough to focus on Block based SVD approach. The entire image has been
divided into ‘k’ non overlapping blocks

r= %;c = %r ={1,2,....m} ¢ ={1,2,..n}7)
Generally equal size of block is preferred.Use of Block based SVD is extracting the features of each block with separate
Eigenvalues instead of the whole image. In real time, noise needs to spread over the image equally.So,by using BSVD
there is a high chance of estimating the noise.

2.1.1 Estimation of AWGN.
To detect the effect of noise on original image SVD for both images calculated individually and compared with one
another.

S, = UTX A, X V(8)

S, = UTXA,XV (9)

Sincerely, noise is not identical to the signal. So there is a much variation between them.Graphically,it also it has been
represented in the figure. 1. It shows the comparison of Signal SVD components (S,) and Noise SVD components (S,,)
With noise level 6=50.
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Figure 1. S;VsS,, Graph for image size 2048X2048
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AWGN Analysis can be done using N be a zero-mean AWGN image with standard deviation ¢ and SVD is expressed as:
N=UXS,XVT (10)

o? = X S7(D)(11)
Now, M is to represent the number of the last singular values under consideration.
1 or .
Py (o) = MZt:r—M +1S:(1D(12)

Where 1<M<r, only the least singular value S, (r), when M=r, all singular values i.e.,S,(l) to S,(r) are considered in
above eq.(12). Py is linearly dependent on o.

Pu (ko) = = X 41 kS, (D=kXPy (0)(13)
Py (0) = ao, where M>>1 (14)
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Where o denotes the slope of the linear function which can be affected by the choice of M. If M<r/4, the attributes of
AWGN will result the value ofBy.

PM = oo + R and PIM = 04/(52 + (512 + 8(15)

(1612 _ PIM —PM ,16)
2(P1m—Py) 2

o=

i3 is the variation of variance o with effect of noise.s is the estimation of standard deviation.
The results of this stage are discussed in the section IV (Results).

2.2 Dual-Tree Complex Wavelet Transform (DT-CWT)

Once the estimation is over denoise it using DT-CWT with suitable coefficients. The noisy image decomposed into sub
bands by using six levelsof DT-CWT. The possible coefficients with phase information are +75°,
+45°, +15°,-15°,-45° and -75°[14-17].For the first level, specially designed real filters with real coefficients were used.For
the remaining levels, these phase coefficients were used. For this purpose, the sample process repeated 5 times for Real
and Imaginary parts individually. The output is almost shift invariant and having good directional selectivity. The noisy
subbands are denoised using the LA-BSF methodology. It requires prior knowledge about the noise type, for that purpose
BSVD based approach was proposed in this paper. It estimated the denoised coefficients with the help of neighboring
coefficients. A 5X5 and 7X7 window showsthe best result over 3X3.The below figure. 2 show the algorithm for the
proposed DT-CWT based denoising method. As the preliminary step, the image is divided into real and imaginary
components with possiblephase values. Repeat the same for all phase combinations. Secondly, denoise using Local
Adaptive Bivariate Shrinkage Function (LA-BSF) method and finally convert back the image (spatial domain) using
inverse DWT. The outcomes of denoising algorithm discussed in the results section. It denoises the images at a particular
threshold level in each iteration. The threshold value ranges from 1 to 50.Minimum threshold means an inaccurate
decision of noise and high value represents the prominent gap between noise and signal.

2.3 Bilateral Filter

In general Bilateral Filter was used for denoising purposes, but interestingly modifications in existing bilateral filter
results Adaptive Bilateral filter (ABF). General problem of BF is smoothing the edges.

It is motive of the research to design edge preserved enhancing Filter. It rarely disturbs the colour map [18].

flm,n] = %; ¥ hli, j; m,n] g[i,j] (17)
Where, f[m, n] is the restored version of input image hli,j; m,n] at [m, n] to impulse at [i,j] and g[i,j] is the degraded
image.

2
mom)* =m0 n]—gimg-noD?

mg+N no+N 2 - -2
monp = LZmomg-N 2nong—N € 204 Xe 207 (18)

Where, mg, ng are represents the center pixel. [m, n]J [{mg-N, me+N] 07 [[ng - N, ng +N]}, 0d [0 and Cr are factors of
the filter.

It is a normalized expression that preserves the contrast of gray levels of the input image.lt is a combined form of low
pass filter (Gaussian) (GLPF) and range filter. This GLPF assigns more weight for the similar gray levels of the center
pixel value [19].

2.3.1 Adaptive Bilateral Filter (ABF)

It is a new approach to image enhancement. It consists of two nonlinear filters, i.e., Domain Filter and Range Filter.
Domain filter assigns the greater weight in the near around the value of central pixels.The range filter acts as a derivative
filter to preserve the edges.

It can be expressed mathematically using below equation.

2
(m-mg)*~@-ng)? _ (glm,n]—g[mg—ngl—¢mo-ngD?

_ ymo+N no+N 262 2 _
Fmong = Zm—mO—N Zn—no—N e d Xe 207 [mo-ng] (19)

The main difference between equation and eq. is adding {[my — ny] Term in the range filter’s normalized equation.Based
on the value of ¢ it can works as normal BF or ABF and only range filter. If =0 and real component C is fixed at
threshold ABF is locally adaptive in nature acts as normal BF.For the operation of domain filter, deviation in 4Should
be adopted in the ABF. The combo of these two parametervariations can boost up the filter with smoothing and
sharpening.
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Fig 2. DT-CWT Methodology

The material of Landsat Data has been collected from the USGS website. Images of Chittoor region are havinga path and
row of 144/145 and 50/51 respectively. Fig 3 shows the image set (Some part of Chittoor District, AP, India)

{=) (&) <) (g}

Figure 3. Data set C wise grouping {3} input (b} Noisy {c) Denocised {Proposed}
(d) Enhanced Image (Proposed)
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I1l. RESULTS AND DISCUSSIONS

The proposed method of BSVD AWGN estimation has been applied on Landsat Images. We have tested 50 images and
estimated P;y, Py as the mean of corresponding SVD values. Statistically, most of the singular values are concentrated
around M=3r/4.For the purpose of computingthe performance data set is resized into 512 X 512grayscale images for each
band of landsat8. The available sizeof blocks and their estimation results are tabulated in the Table 1.Once the estimation
is over the noisy image is to be denoised using DT-CWT algorithm and enhances the denoisy version of the imagery
without smoothing and blurring impact. It systematically improves the edge details by enhancement using ABF.The
figure 3. Shows the original image, noisy image denoised image and enhanced image at a glance. Variations of PSNR
with respect to the threshold values is represented in Figure 4.From this figure, it is clear that at the early values of
threshold, there this method getting peak PSNR and value is decreased by increasing the threshold level. So, it is better to
keep threshold around 30. From the figure, it is very clear that the proposed system improves the PSNR with
effectiveness.

The results of this section are tabulated in the table 2.From the table it can be derived that the proposed
algorithm is best suitable for denoising Landsat8 over existing methods. For the performance comparison state ofthe art
metrics were selected like PSNR and SSIM. The data setcovers the entire year so that it indirectly tested the atmosphere
conditions too.

Table 2. Comparison Of Standard Deviation For Image Set

Image Block si Standard Deviation &
4 ock size 10 20 30 40 20 60 70 80 00 100
128 X128 587 | 1983 | 25.71 | 35.69 | 49.50 | 59.27 | 69.25 | 79.13 | 89.07 | 99.78
756 X256 536 | 192G | 2510 | 3526 | 29.16 | 59.03 | 6892 | 78.78 | 88.76 | 98 48
. S12 X512 10.9 | 20.05 | 30.01 | 40.29 | 50.1 | 60.11 | 71.17 | 80.05 | 00.18 | 100.1
6
1024 X 1024 59 180 | 287 |37 i3 55 71 30 o1 102
7048 X 2048 10.88 | 20.56 | 30.98 | 408 | 51 62 715 | 82 53 105
128X 128 337 | 1882|2872 | 385 | 484 | 583 |6810]| 7816|8796 |97a4
256 X256 9065 | 195 | 2996 | 39057 | 490 | 59.86 | 699 | 79.88 | 89.7 | 100.0
1
N
- 312X 512 10.06 | 20.06 | 30.08 | 40.04 | 50.08 | 60.00 | 70.11 | 80.16 | 90.24 | 100.2
1024 X 1024 9065 | 191 | 2885 |3889 | 4857|5786 6721 77.93] 88 57.6
7048 X 2048 ) 75 | 287 |36 373 |56 665 |77 87 56
128X 128 881 | 192 | 2874|3609 4731|581 |68.7 | 78.01] 86 56 3
256 X256 52 165 | 253 |373 |4857 5842|696 | 7508|873 |58
312X 512 10.01 | 20 30.12 | 40.1 | 50.02 | 60 70.00 | 80.11 | 90.12 | 100.8
S
3
- 1024 X 1024 57 |21 ) i3 33 67 72 33 573 | 1005
3
2048 X 2048 105 | 209 | 306 |24091 |50.77| 6034 7043|8075 | o1 101.0
1
128X 128 71 1882 | 28.72 | 385 | 484 | 583 | 6819 7816|875 |57.84
756 X256 535 | 157 | 256 |3531 | 4929 39 6924 | 7508 | 855 | 1008
1
* 12 X512 10 20 30.4 | 40.9 | 50.2 | 60.22 | 70.4 | 80.1 | 00.05 | 100.2
1024 X 1024 535 | 1876|2817 | 41 3803 | 5589 | 71 3766 | 5187 | 102
2048%2048 119 | 155 | 2933 | 39.81 | 49.25 | 62 7036 | 81.05 | 87 56
128 %128 35 180 | 258 |3841 | 3688|5806 |6922| 7913|896 |6707
756 X256 585 | 197 | 256 |3531|34929] 39 6924 | 7508 | 855 | 1008
) 1
- 312X 512 10 20 30.0 | 40 50.8 | 60.11 | 70.0 | S0.3 | 00.9 | 100.4
1024 X 1024 59 180 | 287 |37 13 55 7 30 o1 102
2048 X 2048 ) 75 | 28.7 |36 372 | 56 6695 |77 87 56

@IJAERD-2017, All rights Reserved 189



International Journal of Advance Engineering and Research Development (IJAERD)
Volume 4, Issue 12, December-2017, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406

Table 3. Comparison of proposed method with existing methods

PSNR (dB) SSIM
Image# | DWT | Liuetal, | Proposed DWT Liuetal, | Proposed
[5] [5]

1 61.1 | 63.7 65.99 0.89 0.93 1

2 69.6 | 704 77.6 0.85 0.91 1

3 75 82.1 89.97 0.87 0.9 0.99
4 76.2 | 78.1 89.33 0.85 0.91 0.98
5 62 83.7 87 0.86 0.9 0.99
6 75 77.4 84 0.85 0.92 0.99
7 69 73.9 78.12 0.88 0.94 1

8 76 84.7 87.87 0.87 0.92 1

9 62 66 78.99 0.86 0.91 0.99
10 61 69 76.12 0.84 0.93 1

V. CONCLUSION

From this study, we can conclude that the proposed system is a systematic approach for diagnosing of landsat8 imagery
starts from estimation to enhance. The three modules estimating the impact of noise, denoising and enhancement are
developed with the help of Block based SVD approach, Dual Tree DWT and Adaptive Bilateral Filter. When we
compared with previous techniques the proposed methods are efficient in the perspective of quality parameters like
PSNR, and SSIM. From this study, we can conclude that Block based SVD provides better estimation of AWGN noise
level. From
Table.1 shows the 512 X 512 block division proves the better resolution out of all available blocks. It covers the entire
image with prominent estimation of noise level. On the other hand, denoising results are represented in Table 2.From this
table, clearly observed that the proposed method effectively denoise the Landsat8 Image in real time. In addition to this
design ABF enhances the image visually.So, this proposed method is a systematic approach for enhancement of Landat8
images in real time. Even though the data set cover lot of texture variations (Water body, Hilly area, Forest and buildings,
etc.) the proposed system efficiently gains the enhancement. It overcomes the problems discussed in [3,5] by Dual tree
approach. The existing methods failed to show that large scale of variations. The figure Ill. Shows the graphical --
representation for the variation of PSNR with the changing of threshold levels. From this figure PSNR has varied almost
linearly for starting level of the threshold, but after certain range it fails to detect the noise in the imagery therebya
reduction in the quality of output. The proposed method stands good performance even though at higher threshold levels.
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Figure 4. Variation of PSNR with Threshold level.
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