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I. INTRODUCTION

Image restoration is an emerging field of image processing in \A@e focus is on recovering an original image from

a degraded image. The degraded image can be a result of own degradation or unknown degradation. Hence image

restoration can be defined as a process of recoverin image from a degraded image which is blurred by a

degradation function, commonly by a Point Spre ctlon (PSF). It is an objective area. The purpose of image

restoration is to "compensate for" or “undo" d§ jch degrade an image. Degradation comes in many forms such
C

as motion blur, noise, and camera misfo like motion blur, it is possible to come up with a very good
estimate of the actual blurring functiQg an " the blur to restore the original image. In cases where the image is
corrupted by noise, the best is to co ate for the degradation it caused [1][8][21].

A. Image Degradation /Res a@ el

The complete process of i tion is divided into two stages according to degradation/ restoration model. The
first stage deals with d e quality of the image by adding blur and noise to an image and the second stage
deals with removing n%} blur from the degraded image and recovering the original image. These two sub stages

are named as degy age and restoration stage respectively.
In degradation image is blurred using degradation function and additive noise. In Restoration stage, the
degraded i jS\econstructed using restoration filters. In this process noise and blur factor is removed and we get
an estim th@original image as a result of restoration. The closer the
estim e is to the original image the more efficient is our restoration filter [18][19].
Ma iCally, the equation for degradation / restoration model is represented in two different domains i.e. Spatial
and Frequency domain.
ial domain:

X, ) = h(x, y) * f(x, y) + n(x, y) (1)
n Frequency domain:
G(u, v) = H(u, v) F(u, v) + N(u, v) (2)
where g(x, y) is degraded image obtained by adding noise n(x, y) to image f(x, y) after applying a degradation
function h(x, y). G(u,v) is frequency domain equivalent to g(x, y), H(u, v) is degradation function in frequency
domain. N(u,v) is additive noise and F(u, v) is original image in frequency domain. The degradation function which
works in spatial domain is point spread function (PSF).
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1) Blind Image Restoration: This Technique allows the reconstruction of original images from degraded images even
when we have very little or no knowledge about PSF. Blind Image Deconvolution (BID) is an algorithm of this type.
These techniques are more difficult to implement and are more complicated as compared to other category [13].

2) Non-Blind Restoration: This Technique helps in the reconstruction of original images from degraded images when
we know that how image was degraded i.e. we have a knowledge about PSF. LRA i.e. Deconvolution using Lucy
Richardson Algorithm is one among various non-blind techniques. Q

*
The objective of restoration is to obtain an estimate (x,y) of the original image This estimate (X, y) should be
close to f(x,y) as possible. The more we know about h and 1 , the more (x,y) will be closer to f(x,y). F E .

Degradation
f(x, Restoration »
i () e[ e

*
estoration

Degradation §\ R

Fig. 1. Image Degradation/F@ion Model
B. Restoration techniques

There are numerous techniques and algorithms avail age restoration [11][12]. Each technique has its own
features. Broadly, Image restoration techniques a' iedl into two categories which are shown in Fig. 2. Following

is a brief introduction of both the image resto{ niques [16][18].

Image Restoration
Techniques

Blind
Techniques

age Restoration Techniques

@ I1. BLIND IMAGE DECONVOLUTION

ID is a Blind technique of image restoration which restores the degraded image that is blurred by an unknown PSF.
It is a deconvolution technique that permits recovery of the target image from a single or set of blurred images in the
presence of a poorly determined or unknown PSF [9][15]. In this technique firstly, we have to make an estimate of
the blurring operator i.e. PSF and then using that estimate we have to deblur the image [14]. This method can be
performed iteratively as well as non-iteratively. In iterative approach, each iteration improves the estimation of the
PSF and by using that estimated PSF we can improve the resultant image repeatedly by bringing it closer to the original
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image. In non-iterative approach one application of the algorithm based on exterior information extracts the PSF and this
extracted PSF is used to restore the original image from the degraded one [10].

I1l. CURVELET TRANSFORMATION

In the year 1999, an anisotropic geometric wavelet transform, named ridgelet transform, was proposed by Candes and
Donoho [4]. The ridgelet transform is optimal at representing straight-line singularities. Unfortunately, global straight-

line singularities are rarely observed in ral applications. To analyze local line or curve singularities, a natural ide® Q
to consider a partition of the image, and then to apply the ridgelet transform to the obtained sub-images. This bloc

ridgelet-based transform, which is named curvelet transform, was first proposed by Candes and Donoho in caly
2000 [2][5]. Curvelets are designed to handle curves using only a small number of coefficients. Hence th t
handles curve discontinuities well [6]. The curvelet transform that inherits the ridgelet transform, was i to
represent edges better than all known image transforms [3]. To analyze local line or curve singularitiega | idea

is to consider a partition of the image, and then to apply the ridgelet transform to the obtained s%a ,
2

Fig 3. Edges produced by
a) wavelets b) curvelet
A. Process of Curvelet Transform
The whole process of curvelet transform is divided into f tages. Whenever we want to find out curvelet transform
of an image then we have to go through each of the fo g

These stages are basically a procedure to implemen@ let transform using various images. All these stages are

given below [7].
Sub-band decomposition &

Smooth partitioning
Renormalization

Ridgelet Analysis @
1) Sub-band decomposition
It is a stage which divideg into sevel resolution layers. Each layer contains details of different frequencies:
Po — Lowpass filter

A1, Az, ...Band-pgaetgl ss) filters
Here,a bank o Iter Po, (As, s >=0). The object f is filter into subbands
=N SAS.) (3

3 Partitioning
@ es a collection of smooth window wQ(x1 , x2) localized around dyadic squares.

o =wo - AL S 4

The image becomes smooth after multiplying wQ function. The partitioning make easier to analyze local line or curve
singularities.
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3) Renormalization
In this stage of the procedure, each ,,square™ resulting in the previous stage is renormalized to unit scale:

-1
= 5
&0 ) 0 / ly )
4) Ridgelet Analysis
Last stage is ridgelet analysis. Here, each normalized square is analyzed in the ridgelet system: . Q

xoy =K Zo-rs) ©) Cy
All the four stages are shown in Fig. 4. K
5\ A

Fig. 4. Stages of Curvelet Transform \/O
. METHODOLOGY

All the implementation work is d MATLAB R2012b. For experimentation seven different images were
considered. All these were first sing Gaussian blur and Gaussian noise. The degraded images were then
reconstructed using the propggse ique which is based on BID and curvelet transform.

The proposed technique is Improved-BID i.e. I-BID. I-BID basically combines the effects of BID and
Curvelets. The edges of th e produced by BID are not sharp and contain ringing effect. Noise was also not

removed successfully.

All these shorego pre removed by combining BID with Curvelet transform. I-BID is an improved version of BID
based on the wlonvolution of noisy images using curvelet transform. Curvelet Transform is very efficient in
edge detecgbn oise reduction. The features of both BID and Curvelet are combined to produce I-BID.

The who\aNitecture of the proposed work is explained in the flowchart shown as Fig. 6. First of all, an input image
is regad en degraded using some degradation function i.e. Gaussian blur and Gaussian noise. The degraded image

i tored using the BID technique. The resultant image of BID is then restored using Curvelet transform.

rformance evaluation, three performance metrics are used i.e. MSE (Mean Square Error), PSNR (Peak Signal
Noise Ratio) and RMSE (Root Mean Square Error) [17].
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Read the original image

K

Degarde the input image
using Gaussian noise and blur

.

Restore the degaraded image 'S
using BID

Apply Curvelet Transform &s
Apply Inverse Curvelet %
Transform @

Fig. 6. Overall Architecture

K

.

V. EXPERIMENTAL RESU .

The proposed technique is implemented and analyzed using the se\&\i\ ed input images the values of all the

three performance metrics are evaluated for all images. The exp results of the proposed technique are
compared with the existing work. It is implemented and investi g seven different images of different sizes.
Images from size 127 x127 to size 768 x 768 are considered fo ing a wide range of experimental results.

AL UATION OF BID AND IBID

PSNR RMSE
Performance
Parameters
BID I-BID BID I-BID
Imagel.jpg 5 3
(127x137) 87.98 89.79 3.15 2.86
Imagel.jpg 3 - . .
(183x183) 90.13 95.01 2.83 221
Image3.jpg 5 275 7
(200x200) 90.65 96.30 275 2.07
Imaged.jpg 5 5 3 5 s
(256x256) 17.23 78.59 8236 5.03 4.15
Image jige 23.24 15.08 79.45 83.69 482 388
15.05 6.05 83.79 9283 3.88 2.46
18.75 11.90 81.59 86.06 5.57 345

| , these performance results can be visualized with the help of line charts. There are three plots corresponding to
SNR and RMSE values which are shown in Fig. 7, Fig. 8 and Fig. 9 respectively. From the three line charts the
omparative results of BID and 1-BID are validated.

WEEINEVIA 20NV SE ExEos)

i e o ) B st Fig. 7. Line chart for MSE
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Fig. 8. Line chart for PSNR @
ethat I-BID

Table 1 contains the values of MSE, PSNR and RMSE corresponding to BID and I-BID. Itis clear fp&the&
R v

1
harbarajpy

I
is having lower MSE and RMSE values than BID for each input image. Also, I-BID is having hig %I s than BID.

These values prove the better performance of the work.

&

w

RMSERDOT MEAN SQUARE ERROR}
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Fig. 9. Line chart for RMSE

CONCUSION A UTURE SCOPE

To conclude, the experimental results of the prop orr i.e. I-BID are better than that of the existing work. The
quality of the image produced using I-BID is bel@n he earlier works both visually and quantitatively. In future,
f s and blurs.

this work can be extended to cover other t%
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