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Abstract

Image restoration is a fundamental means to process the bottom layer of the image for the
purpose of improving the visual effect of the original image and the denoising so as to
facilitate the subsequent image analysis and pattern recognition. To solve the problem that
the degraded image has little information, this paper adopts multi-wavelet resolution to
transform the high-frequency and low-frequency information of the decomposed image.
After wavelet decomposition is performed in the image, its noises and most details remain
in the high-frequency part. On the basis of the extraction of high-frequency detailed
information, conduct equant correction of the grayscale range to the histogram equalization
to make the processed image more layered and smoother and natural. Besides, the
processed image is greatly enhanced in the contrast and definition and no blocking effect
ever occurs. Moreover, it can reserve the image detailed information to the utmost extent
while weakening blocking effect, reinforces the contrast of the degraded blurry image and
realize the purpose of restoration of degraded image.
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1. Introduction optical system and various kinds of noises can be

Generally, degradation comes in many
forms such as motion blur, noise, image
transmission, scanning and camera misfocus. Due
to insufficient or excessive lighting conditions in
photographing, the image can be too dark or too
bright. The image can be blurred by the distortion,
relative motion and atmospheric motion of the

introduced in the transmission[1]. To solve the
above-mentioned problems, image restoration
technology can lend a hand with its ultimate
objective to be used in the processing and to
achieve the tasks of visual effects of human eyes
in accordance with specific requirements. Image
restoration is to restore the important information
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and weaken or even remove the unnecessary
information as required of the image. Proper
restoration processing performed on the images
obtained from different methods can make the
blurry original images into the clear images with a
lot of useful information and effectively eliminate
the noises in the images so as to make it easier to
detect and measure the interesting targets in the
images [2]. The research on the restoration
technology to be used in the images shot under the
low-visibility conditions has great application
value in target identification and remote-sensing,
in fact, currently, it has become a research hotspot
in image processing and computer vision. It is
possible to come up with an very good estimate of
some functions and algorithms to restore the
original image [3].

The international research on the degraded
visual image mainly includes the following
aspects. At present, there are plenty of algorithms
to enhance the contrast, among which histogram
equalization is the simplest and feasible method,
however, this algorithm only adjusts the
probability distribution function of the grayscale
of the image automatically while according to the
theory of atmospheric scattering, fog attenuation
increases exponentially with the changes of the
scene depth, therefore, its effect on such image is
not ideal. The traditional image enhancement
methods can basically divided into spatial-domain
image enhancement method and frequency-
domain image enhancement method. The spatial
domain is the collection of the pixels which
constitute the image and the spatial-domain image
enhancement method directly pre-processes the
grayscale value of the image pixels, including
gray level transformation, histogram equalization,
spatial-domain  smoothing and  restoration
processing of the image and bit color
processing[4]. On the other hand, the frequency-
domain image enhancement method operates on
the spectral components after the image has
performed Fourier transform and then reverses
Fourier Transform to get the necessary result,
including low-pass filtering technology, high-pass
filtering technology, band-pass and band-stop
filtering and homomorphic filtering. So far,
people have been concentrating on the
enhancement method based on wavelet changes
and that based on fuzzy mathematics [5].

The core of wavelet analysis is the construction of
wavelet function and multi-scale analysis. The
main characteristics of wavelet function are the
rapid attenuation and oscillatory and its sub-
functions are mutually orthogonal to each other.
In the applications of image processing,
orthogonality can preserve energy and symmetry

is not only suitable for the visual system of human
eyes, but it can also make the signal edge easy to
process, therefore, it is of great importance to
possess these two features[6]. However, in the
field of real number, ortho-symmetric smooth
single-wavelet doesn’t exist, leaving people no
choice but to compromise between orthogonality
and symmetry. Extend the multi-resolution
analysis space generated by single scaling
function to that generated by multi-scaling
function to get more freedom. Multi-wavelet can
have such features as orthogonality, smoothness,
compact support and symmetry which are
important to image processing while maintaining
the strengths of wavelet. Therefore, multi-wavelet
has a bigger potential in image applications[7].
This paper firstly elaborates the image restoration
processing. Then it analyzes multi-wavelet
transform and its typical characteristic, based on
which it proposes the combined image restoration
method based on multi-wavelet domain. And
finally, it is the experimental simulation and
analysis.

2. Image Restoration Processing

The basic objective of image restoration is
to process the image to make it more suitable for
the specific application fields than the original
image. Image restoration processing highlights the
interesting information of the image, weakens or
removes the wunnecessary information and
enhances the useful information according to
certain requirements. Besides, considering the
influence of additive noise n(xy), the

degradation process can be indicated by Formula
(1) and Fig.1.

g(x,y) =H=*f(x,y)+n(xy) D)

n; y)
:W >

»

f(xy) > H

Figure 1. Image degradation model

The commonly-used image restoration
methods include:

Histogram Equalization

Histogram equalization emphasizes the
global or local features of the give image in
purpose, makes the originally unclear image
become clear or stresses certain interesting
features, corrects the histogram of the original
image into the histogram with uniformly-
distributed  grayscale  through  grayscale
transformation function and then corrects the
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original 1mage according to the equalized
histogram. Its transformation function depends on
the cumulative distribution function of grayscale
histogram of the image. Some images have bigger
frequency in the low-value grayscale regions,
making the image details in the dark regions
unclear. At this time, histogram equalization can
separate the grayscale range of the image, increase
the grayscale with low frequency and
automatically increases the contrast of the entire
image by adjusting the dynamic range of the
image grayscale value to make the image have
bigger contrast and clear details[8].

Contrast Enhancement

Contrast enhancement is an important part
in image processing technology and its purpose is
to increase the grayscale change range and enrich
the grayscale level of the image by adjusting the
distribution of the image grayscale value so as to
significantly improve the visual effects of the
image and provide the image which is more
suitable to be analyzed. Some images have lower
contrast, making the entire image fuzzy and
blurry. The grayscale of every pixel of the original
image can be modified according to certain rules
to change the dynamic range of the image
grayscale[9].

Noise Smoothing

Noise smoothing is the operation to be
made on image noises, which is aimed to
eliminate noises. Noise smoothing is a spatial-
domain filtering technique with enhanced low
frequency and its purposes include: fuzziness and
denoising. Mean filtering and median filtering are
frequently used in image smoothing and the
smoothing filtering in the spatial domain usually
adopts the simple average method, namely to seek
the average brightness value of the surrounding
pixel points. The size of the neighborhood is
directly related to the smoothing effect. The
bigger the neighborhood, the better the smoothing
effect, however, if the neighborhood is too big,
the smoothing will cause more loss of the edge
information, making the output image fuzzy;
therefore, reasonable choice shall be made in
selecting the size of the neighborhood[10].

Restoration

Noise smoothing usually leads to fuzzy
image edge. Since average and integral operation
can blur the image, perform inverse operation on
it and adopt differential operator to use template
and statistics difference to sharpen the image
enhancement. The commonly-used restoration
template is Laplacian template, as indicated in
Formula (2).

1 -1 -1
-1 9 -1 )
-1 -1 -1

The constitution of Laplacian template
can be seen easily: subtract it and the surrounding
8 pixels, suggesting the differences and take the
sum of this difference and itself as the grayscale
of a new image. It is obvious that if a bright spot
occurs in a dark region, the result of the
restoration processing makes it brighter and
enhances the image noises[11].

3 Multi-wavelet Transform and Its
Basic Characteristics

3.1 Single-wavelet Transform

Wavelet refers to a waveform with limited
length and a mean value of 0. Wavelet function is
exactly defined as:

WT, (a,b)=[a [ f(t)y/(t;b]dt, az0 (3
Or in the form of inner product:
Tf(a,b):<f,t//a,b>. In this formula,
t-b
Vas(t)=la] ( ] @

a
The existence of inverse transform
requires (t) to meet the following admissible
condition'

@
In this formula, (@) is the Fourier

transform of w(t).
At the time, the inverse transform is

)=C, [ [ wa, (tWT( abdb—

C,, has restricted the category of function

(6)

w which belongs to L*(R) and which can serve

as “basic wavelet (or mother wavelet)”. Especially
when v is required to be a window function, y

has to belong to L'(R), namely I:|w(t)|dt <o,

therefore, () is a continuous function of R,
€ must be 0 in the starting point, namely

#(0)=[ w(tht=0 (7)

It can be seen from Formula (7) that
wavelet function absolutely has oscillatory. Fig. 2
is the time-domain and frequency-domain graph
of Morlet wavelet[12,13].
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Figure 2. Time-domain and frequency-domain graph of Morlet

3.2 Multi-wavelet Resolution Analysis

Multi-wavelet is the wavelet generated
from r(r>2,reN) functions as scale
components. Multi-wavelet can perfectly integrate
symmetry, compact support, orthogonality and
high-order vanishing moment together, therefore,
it has advantages over single-wavelet in signal
processing. The formation of multi-wavelet is as
follows:

(1) There are Nscaling functions
$,(1),4,(t),....4, (t), which can be presented by
O(t) =[¢ (1), 4,(1),..., 4, ()] . Translate the scaling
function to get ¢ (t—k),4,(t-k),...,4,(t-k) and
generate a space V,. If ®(t) meets the conditions
of (4(-k).g(-1))=6,5,,0<i,jsN-1, then
O(t) is orthogonal multi-scaling function[14].

(2) Assume that S is the real matrix of 2x2
and S®=1, and det(S)=-1, to a certain integer
N, if a matrix filter H satisfies the following

SH,_S=H, (keZ,cen(H):%) (8)

If the filter is symmetric, then it has linear
phase and it can ensure that the signal to be
processed by the filter won’t have distortion,
therefore, when designing a filter, it is usually
hoped that it is symmetric[15].

(3)Mark

@, (1)=2"D2't-k)=[2"24(2't—k),2"2¢,(2't-K)]'
, then Vv, can be presented as

V, =span{2'?¢ (2"t —k),1 =1,2, je Z,k e Z} 9)

In L*(R)?, the orthogonal complementary
space of v, is W, and then W, is presented as
W, =spar{2"’?y, (2't-k),1 =12, je Z, k e Z}

(10)
The space series {V.} and {W_} as well as

their relationship can be visually presented in
Fig.3.

conditions, then it means that H is symmetric
around the symcenter % under S.

l/;.

W, 14

= L(R) =®W,

Figure 3. Spaces W, and V,

(4) Extend the analysis and composition
algorithm of orthogonal single-wavelet to
orthogonal multi-wavelet and we can get:

In this way, Discrete Multi-Wavelet Transform
(DMWT) is

Crux=V2/12> H,,C,, (11)

Dj—l,k = \/EIZ(ZGn—Zij,n) (12)
And Inverse Discrete Multi-Wavelet

Transform (IDMWT) is

Cj,k = \/E/ Z(Z H;—chj—l,n +ZG;—2n Dj—l,n) (13)

Formulas (12) and(13) are referred to as
Mallat algorithm, which plays the same role in
DMWT and DWT[16,17].
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4. Image Restoration Combination
Method Based on Multi-wavelet Domain

Since the noises and most details of the
image  which  has  conducted  wavelet
decomposition, remain in the high-frequency part
while the overall visual sensation of the image is
determined by the low-frequency information, the
following has provided how the combination
method proposed in this paper enhances the image
restoration.

(1) Input the image to be processed,
perform wavelet scale decomposition on the noisy
image andget the first-order high-frequency and
low-frequency subband images.

(2) Perform soft-threshold denoising on
the  extracted high-frequency information
according to Formula (14).

Conduct wavelet threshold denoising on
the first-order high-frequency subband image after
wavelet transform and enhance the image.
Perform secondary scale transform on the low-
frequency subband image after the wavelet
transform, get the second-order high-frequency
and low-frequency subband images, conduct
wavelet threshold denoising on the second-order
low-frequency subband image and enhance it,
perform wavelet self-adaptive enhancement on the
second-order high-frequency subband image and
get the enhanced high-frequency subband image.

Sgn(wj,k)(l Wi | —4), |Wj,k (=7
= {0, Wy l< (14)

In here, sgn() is sign function.

(3) Process the low-frequency image
extracted with histogram equalization according
to Formula (15).

The histogram equalization
transformation function F,, namely the grayscale

cumulative distribution function of the image is:
n.
F=T0) =X, ()=, (15)

F. is the normalized grayscale.

Therefore, the grayscale intervals of the
image after histogram equalization is pulled away
or the gray scale is uniformly distributed so as to
increase contrast, make the image details clear and
achieve the purpose of enhancement.

(4) Conduct pixel-level fusion on the
information processed in (2) and (3).

(5) Reconstruct the image with inverse
wavelet transform by the wavelet coefficient of
enhancement and noise suppression, get the
recovery image of the original one, as indicated
by Formula (16):

Vin ’ Vin > :UZ
WV =)+ 1, 0y 2V >
Vout = W *Vin ! /“ll ZVin 2 tu]_ (16)
W>NV + )=ty —p >V 2 1,
Via v Vi <—H

4 and u, are the low and high thresholds
of the low-frequency part after wavelet scale
decomposition  respectively. x4, = a.flogn =+/n
(Here, n is the image size and « is the noise
variance) while g, =aV,, (0<a<1V,,,)is the

maximum wavelet coefficient of the low-
frequency part of the decomposed image. W is
the gain factor, which is related to the significant
noise index w. When the noise is small, the gain
on the wavelet coefficient increases and vice
versa, thus realizing the objective of adaptive
enhancement.

5. Experimental Result and Analysis

This paper takes degraded image as
example in the research of the restoration
processing of degraded image which are collected
under dissatisfactory circumstances. This paper
has conducted enhancement processing on the
degraded image through traditional method and
the algorithm of this paper and it has also made
visual evaluation and objective analysis of the
experimental result. The concrete experimental
result is indicated by Fig.4-Fig.7.

max j

Figure 4. Original degraded image

x10*

2.5

0 50 100 1 (] 2(;(] 2%0
Figure 5. Histogram of original degraded image
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Figure 7. This paper algorithm

It is not difficult to see from the
experimental result of the degraded image that the
histogram of the degraded image (Fig.4) is
concentratedly distributed with the grayscale
value within the range of [100, 200], that the
image has no layered sense and it is highly fuzzy,
that the scenery in the image is difficult to tell and
the entire image quality is not good. The image
after being processed by traditional histogram
equalization can show part of the scenery of the
image, however, due to the flaws of the traditional
histogram equalization, the grayscale merger
excessively in the equalization with no remedy
measures for the reduced grayscale, leading to the
loss of a great deal of detail information of the
original image. There are few grayscales in the
original image and the grayscales reduce after
being processed and the edge lines of the scenery
in the image are not clear at all. However, the
algorithm of this paper can not only improve the
layered sense and clearness of the image and
make the color, contrast and brightness of the
image more suitable for human eyes, but it can
also enhance the entropy of the image and
highlight the image details.

6. Conclusions

Based on the traditional single-wavelet
transform, this paper has proposed a combination
method of image restoration method based on
multi-wavelet domain on the degraded image. The
experimental result has shown that the adoption of
the multi-wavelet domain algorithm of this paper
can achieve better processing result with profound
detailed information, strong image layer, high
contrast and excellent image restoration in
conducting restoration processing on degraded
image.
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