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Abstract- Image restoration is an art to improve the qualitymage via estimating the amount of noises dnd ibvolved in
the image. With the passage of time, image getsaded due to different atmospheric and environniexmaditions, so it is
required to restore the original image using défgrimage processing algorithms. There is a wideagbapplication of image
restoration in today’s world. Application area earifrom restoration of old images in museum andardshsed image
acquisition and restoration. This paper gives @&exewof different image restoration techniques used.
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1. INTRODUCTION n(i, j) the external noise which is assumed to be image-

Image restoration is based on the attempt to ingtbe independent.
quality of an image through knowledge of the phgkic = 2 =
process which led to its formation. The purposeinsfige '| Deuradation uiryl |

fix vl ':_'I_'_'

Bestoration

furstian literts) > fla.xh
filter(s)

restoration is to "compensate for" or "undo" defewtich 1, ;/—-'5
degrade an image. Degradation comes in many foucts as . i
motion blur, noise, and camera mis-focus. In cades -
motion blur, it is possible to come up with a veggod
estimate of the actual blurring function and "unde blur to . . ) .
restore the original image. In cases where the émig Figure 1: Image degradation and restoration tectasq
corrupted by noise, the best we may hope to doois t .

compensate for the degradation it caused. Imageragion NOise Models

differs from image enhancement in that the lagerancerned _ _ ) )

more with accentuation or extraction of image fesgurather _Inimage processing there are different noise risode
than restoration of degradations. Image restorgtimblems available.

can be quantified precisely, whereas enhancemietiarare Gaussian Noise can be represented as

5
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difficult to represent mathematically. _(Z-ﬂz)2
Image restoration started in 1950's. There are ra¢ve p(z)z e % (2)
application domain of image restoration like sdféemt N 27O

exploration, legal investigations, film making aatthivals, Rayeligh's noise can be represented as
image and video decoding and consumer photographg. 5 (z-u)?
main area of application is image reconstructionranio p(Z) =—(z—a) e_T 3)
astronomy, radar imaging and tomography.

This paper discusses the importance of image e&iar Salt and Pepper noise can be represented as

techniques and reviews different image restoragehniques _ _ _
available. p(Z) - Pacf(z a) + %5(2 b) (4)
2. IMAGE RESTORATION There are different kinds of blurs involved in ineagsome of

Image restoration uses a priori knowledge of ththe blurs are discussed below.
degradation. It models the degradation and apptiesrse
process. It formulates and evaluates the objeciteria of
goodness. The distortion can be modelled as noisa o Blur Models
degradation function. To restore an image fromiaenmodel, Motion blur occurs when there is relative motionvieen the
different filters like median filter, homomorphidgltérs are object and the camera during exposure. This caim tibe
used. To get rid of periodic noises, butterwortivdass filter, form of a translation, a rotation, a sudden chawfgscale, or
butterworth band reject filters and notch filtere aised. To Some combinations of these.

restore an image from linear degradation, inverse @seudo 1 L L
inverse filtering, wiener filtering and blind de+omlution are . — ——=<—
used. ’ ? h(l) =qL 2 2 (5)
A simplified version for the image restoratiprocess 0 else
model is y(i, j) =H [f (i, j)] + n(i ,J) (1) Atmospheric turbulence occurs due to random vaiatiin
o _ o o the reflective index of the medium between the abje
Where Y(l, J)IS the degraded imagé, (l, J) is the original and the imaging system and it occurs in the imaging

image, H an operator that represents the degradation process  astronomical objects.

101



International Journal of Research in Advent Technology, Vol.2, No.3, March 2014
E-1SSN: 2321-9637

i2+j2

h(i,j):Kex;{— o j

When a camera images a 3-D scene onto a 2-D imatang,
some parts of the scene are in focus while othds pae not.
If the aperture of the camera is circular, the ienad any
point source is a small disk, known as the ciréleanfusion
(COC). The degree of defocus (diameter of the C@#pends
on the focal length and the aperture number ofiehs, and
the distance between camera and object. An accoratiel
not only describes the diameter of the COC, bub dle
intensity distribution within the COC. However tife degree
of defocusing is large relative to the wavelengtbesidered,
a geometrical approach can be followed resulting umiform
intensity distribution within the COC. Uniform oof focus

(6)

1 i2+ 2
. ) . — ]°<R
blur is defined byh(i, j) =< 7R @)
0 else
Uniform 2-D blur is defined by
i _£<i J<£
h(i)=:12 2~ """ 2 (8)
0 else

Performance I ndices
Blurred Signal-to-Noise Ratio (BSNR) is a metricath
describes the degradation model.

an S 2[00 5) RG]

0.2

n

BSNR=10log,,

9)

Here h(i,j):y(i,j)—n(i,J’) , ﬁ(i’j):E[h(i’j)]

and Us is variance of additive noise. Improvement in SN

(ISNR) validates the performance of the image rastn

algorithm.
E[H(3)=y(3)]

ISNR=10log,,| —

(10)

original Image median filtered Image

Figure 2: Noisy Image and Median filtered image

original Image

median filtered Image

median filter restoration

T ——

Figure 3: Image degradation and restoration teclasq

Figure 3 show the same noisy image heavily cortupiesalt

fand pepper noise and median filter of window s&ze9j is

used. The higher the window size of median filtegre is a
higher chance of image degradation.

Table 1: PSNR value (dB) for % of salt and peppése
(Image: Cameraman, Filter: Median)

ZZ[f(i,j)—f'

J

where f (i, j) is the restored image.

10% 20% 50% 90%
1 | MF (3X3) 33.7 27.28 14.12 6.54
2 | MF (5X5) 31.44 30.67 12.88 7.29
3 | MF (9X9) 29.47 28.99 16.54 8.09

M edian Filter

Figure 2 shows an image, heavily corrupted by saltl
pepper noise and 3x3 median filtered is used tcoventhe
noise.

To restore an image from linear degradation inverse
filter, pseudo inverse filter, Weiner filter andird de-
convolution is used. These techniques are discuzsled.

Inverse Filtering
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show noisy with degraded image

Inverse filter can be expressed Iais(u,v and

)=H(u,v)
the recovered image can be expressed as
F (u,v) =G(u,v)H (u,v)

Degraded Image Restored Image

Figure 4: Image degradation and restoration usiugrse
filter

Pseudo I nver se Filter

pseudo-inverse restoration
Pseudo inverse filter can be expressed as

H (u,v)=4<H (u,v) (11)

Figure 6: Image degradation and restoration usssgigo

Figure 5: Image degradation and restoration usisgigo inverse filter
inverse filter
Weiner Filter
Blurred Image

The main disadvantage of Weiner filter is that it
can't handle noises. So minimum mean square eitteririg
(Weiner filter) is used which incorporates both the
degradation function anstatistical characteristics of noise in
to image restoration process. In this method dssumed that
the noise and degradation function are uncorrela@etk of
them has zero mean. The objective function of Wdiiter is

a:?r:olév‘if (x,y) - f(x )Hz = minC (a) a)) (12)
h,(x,y) !y !y _h,x,y) ee X ™7y
__ Hww)
Hr(a)x’a)y)_ 5 Cnn(a)x,a)y) (13)
H (@) ey (@)
ff X1y

The main disadvantage of Weiner filter is that fhawver
spectra of undergraded image and power spectraoisk n
must be known.
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Geometric M ean Filter

Geometric mean filter is the generalization formViéiner
filter. The mathematical expression of geometriaméilter
is defined as
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Restoration of Blurred, Noisy Image Using Estimated NSR

Restoration of Blurred, Quantized Image Using Computed NSR

Figure 8: Image degradation and restoration usawgrgptric
mean filter restoration

Blind Deconvolution Algorithm

The Blind Deconvolution Algorithm can be used
effectively when no information about the distonti@blurring
and noise) is known. The algorithm restores thegarend the
point-spread function (PSF) simultaneously. Theckrated,
damped Richardson-Lucy algorithm is used in eastaiion.
Additional optical system (e.g. camera) charadiessan be
used as input parameters that could help to impribne
wiener filter restoration quality of the image restoration. Blind deconvaduatiis the
problem of recovering a sharp version of an inpluirrip
image when the blur kernel is unknown. Mathemaltcal
y=kOXx
Where x is a visually plausible sharp image, and & non
negative blur kernel, whose support is small comgdo the
image size.

Blurred Image

Figure 7: Image degradation and restoration usiegn@r
filter
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Deblurring with Undersized PSF t+1 t di
Ut =u > —p, (16)
J J 1]
i G
d R
Ut =u| —=—0p
ulp
an
A = Blurred and Noisy deconvucy(A,PSF)

Figure 10: Image degradation and restoration using
Richardson-Lucy blind deconvolution algorithm

3. CONCLUSIONS

This paper gives a review of different image restion

algorithms. Image restoration is an active researela and
various researchers work to improve the efficienythe

different algorithms by developing more efficietgaithms.
But primarily image restoration is done mostly gsieiner
filter, Richardson-Lucy Blind Deconvolution algdmn,

Inverse and Pseudo-inverse filter.

Deblurring with INITPSF

s e m———
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