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The paper considers the model of linear blurring with a uniform rectilinear motion of an object
when its speed is constant, and its direction is parallel to the lines of the formed image. An
algorithm for linear blurring compensation based on the account of the physical processes of
its formation when obtaining the images is proposed. A system of equations for the restoration
of the original video signal samples undistorted image of the object is obtained. Processed the
frame of a real video sequence with a horizontal blur and presented its results. Considered the
comparison of the results of the restoration of distorted images by the proposed algorithm with
known methods.
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AJITOPUTM KOMIICHCAUH
HUCKAKeHNI U300pasKeHNH TUIIA «CMAa3»
B.B. Bacuibes

BYHI] BBC «BBA um. npogh. H.E. JKykosckoeo u FO.A. ['acapuna»
Poccus, 371600, Boponeowc, ynr. Cmapoix bonvuiesuxos, 54a

B cmamve paccmompena mooens TUHENHO20 cMA3d NPU PAGHOMEPHOM NPAMOIUHENHOM OBUNCEHUU
00vekma, Kko20a e2o CKOpOCmy NOCMOSIHHA U ee HANpagieHue NapailesbHO GopMUPYeMbIM CIMPOKAM
usobpasicenus. Ilpeonooicen aneopumm KOMNEHCAyuu AUHEUHO20 CMA3d, OCHOBAMHBIN HA Yyueme
Qusuueckux npoyeccog ezo Gopmuposanus npu noiyuenuu usobpagicenus. Ilonyuena cucmema
ypaguenuii 0Jisi B0CCMAHOBIEHUS UCXOOHBIX OMCHUEMO8 UOEOCUSHALA U300PAINCEHUS HEUCKAICEHNO20
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obvexma. Bvinonnena oopabomra kaopa peaibHol 810e0nocie008ameabHOCIU ¢ 20PU3OHMATLHBIM
CMA30M U npueedeHvl ee pezyivbmamvl. Paccmompeno cpagnenue pe3yibmamos 80CCMAHOGNCHUS.
UCKAIICEHHBIX U300PAdCENULl NPeONazaemMblM aiopUmMmOoM ¢ U36ECMHbIMU CHOCOOAMU.

Kniouesvie cnosa: modenv IuHeEln020 cMda3d M306pa9fC€Huﬂ, qbopMupoeaHue, 6occmarnoesenue
u306pa9fcesz u ucnpaesjieHue UcKasiceHUl u306pa9fC€Hll}L

Most of the information a person perceives through visual images. Now for recording, processing
and transferring images the most widespread technical system of measurement and processing of
information (imaging devices and computing devices) that are usually present output in the form of
digital images [1]. However, what one sees on the screen, i.e. the digital image, not always perfectly
reflect the picture of the world. The picture may be distorted: blurred, defocused, noised, and others.
All this is due to the imperfection of the recording devices and the image forming conditions. As
a result, it becomes necessary restoring distorted images by mathematically way [2]. This work is
devoted to the image distortion compensation type “blur”.

The blur occurs in cases, when during the time of exposure the frame T recording device or
picture of a scene are moving in a certain direction, or by their mutual motion. In general, the blur can
be described as the result of multiple overlays, with displacement.

The presence of motion blur is a defect that leads to fuzzy images with imminent information loss.
Therefore, the task of restoration of blurred images is very relevant.

Existing methods for reconstruction of blurred images have a number of advantages, such as
ease of use (inverse filtering, Wiener filter, filtering with least squares method, recursive Kalman
filter, forced deconvolution iterative methods [2-5]) or high enough quality of recovery (regularisation
methods [2, 6, 7]). However, they do not take into account the physical processes of blur forming
during the image acquisition. The proposed algorithm of compensation of the linear blur is based on
the account of these processes.

It should be noted that the task of restoring the blurred images is factorable, i.e. it is possible to
separately determine the motion of object horizontally and vertically, and then find the parameters
of the total movement. Therefore, for simplicity we will consider a linear blur that occurs in
uniform motion object, i.e. with a constant velocity whose direction is parallel to formed lines of
the image.

The photosensitive surface (matrix CCD) is a set of light-sensitive cells of size A XA, the distance
between which can be neglected.

As a result of exposure in each cell of the line CCD accumulates charge [8]

A, AT
g=k| | [ E(xy.ndtdxdy, (1
0 (i-1)A, 0

where E(x, y, f) is the intensity of the illumination on the surface of the CCD; k — coefficient of
proportionality.

We assume that within the line the intensity of the illumination does not depend on the y coordinate.
If the image is stationary, the output of the CCD appears as the line of image formed as a set of signal
samples {u;}, ie[-M, M], where (2M+1) — the number of samples of the video signal lines. In this case

u,=EA AT, @
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iA,
where E; :i j E(x)dx.
x (i-1)A,

As a model of the video signal of the image line adopted known applicative model [9]:

WA EDXE @

jel@}

where u; — is the sample of the video signal of the frame line; f; and ¢; — samples of video signal of the
object and background respectively; {F} and {®} — the set of numbers of pixels belonging to the object
and the background respectively; {F}n{®}=3; 8@ j) — a single impulse.

Let by the exposure time 7, the object is moved along a photosensitive surface for n< m cells
(schematically represented in Fig. 1).

Let us consider the formation of the count u,,,,;.

During the exposure time 7 the rightmost discrete-analog count £ rg , corresponding to the moving
object, will not come to a photosensitive cell with number (m-+n+1), because will stop at the left edge
of it.

Therefore, given (1) — (3), all this time, this section of the photosensitive surface will be projected

with the light beam, corresponding to a stationary background, i.e.

(m+n+)A, T
Upnit =By [ [ ES,adxdt =B AT =0, @)
(m+n)A, 0

n—1

T
When forming the count u for the time T'—— =

man T on the photosensitive cell will

be exposed a stationary background, and then, during th&time 2 will be also exposed corresponding

part of the moving object, i.e. "
n-1
(m+n)A, TT T nA
Upin =D, '[ I Ej. dt+ J [Efzwo—[x—mAx— Tx t]+
(m+n-DA_ | 0 n-l, )

n

A
+E] (1 - U(}C —-mA, — ”Tx tdetde,

where o(...) — is the unit function of Heaviside.

Performing simple transformations, we can obtain: u,,, :?(pmﬂ+2L f.. and
n n

mA, T
fu=A, [ [Eldxdi=E[AAT.
(m—l)AXO

Fig. 1. The position of the moving object on the line of the image
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Calculating the remaining counts in the same way can be obtained the system of equations (6),

which allows restoring the original counts of the unblurred object.

Si+2f+2 i+ +2f,+ [0 =2nu .,
f2 + 2f3 +ot 2fn+1 + fn+2 = 2nu n+2
fmfn + 2fm—n+l + ..+ 2fm*] + fm = 2nu m
fm—n+l + 2fm—n+2 + .+ zfm—l + me = 2nu m+l — Poml (6)
Smoni2 ¥ 2 fmones T T 20 =200 5 =30,
Sw2 ¥ 2f o +2 0 =2nu s =20 =5)0, .,
fmfl + 2fm = 2nu m+n-1 " (zn - 3)¢m+n71
fm = 2nu m+n (2}1 - 1)¢’m+n

In (6) —f1,...f,, — are the counts of the video signal of line, corresponding to the unblurred image of
the object; u,1,..., U,+, — are the measured counts of the video signal of line; @,,1,..., ®,., — Stationary
background counts (data value counts and the magnitude of the displacement of the object 7 is taken
from the previous frame of the video sequence) [10].

In solving the problem of blurring compensation should pay special attention to the formation of
fronts and the slices of the distorted image.

In Fig. 2 are shown the video signals, corresponding to the object of the constant brightness b that
is at rest, and object moving uniformly and rectilinearly on a stationary background a.

The accepted model of blurring is based on the processes of forming the counts of the blurred
image. The slice and the front of pulse of distorted image in this model are differ from those used in

the classic descriptions [6] (see. Fig. 3):

U*(x)=b;a(m—x)+b,xe[m,m+n+1], 7
n+1

U(x)=7b_a(m+n—x)+w,xe[m+1,m+n]. ®)
n 2n

The work of the proposed algorithm is to form the sequence of image frames, selecting neighboring
frames, determining the direction of the blur, blurred boundaries of the object and its speed.

On the basis of the received data is the recovery of undistorted image counts by solving the system
of equations (6).

Fig. 4 shows the frame of the real video sequence with a horizontal blur. The results of the

reconstruction are presented in Fig. 5.

b
a
1: : oy t=0
1J|rn — =T

Fig. 2. The video signals corresponding to the object of constant brightness on uniform background
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Fig. 3. The slice of the video signal using the standard (U*(x)) and proposed (U) models of the formation of image
blurring

Fig. 4. The distorted frame of the video sequence Fig. 5. The restored frame of the video sequence

On the reconstructed image (Fig. 5) one can see clear boundaries of a moving object (white
rectangle). The boundaries of the figure, depicted on a moving object, also restored clearly, but have
slight bends, due to the noisiness of the background.

Compare the results of reconstruction of blurred images by proposed algorithm and existing
methods.

As a priori knowledge will only use the information about the direction of movement of the object
and speed value (defined by the two adjacent frames of a video sequence). Figure 6 shows a fragment of
the blurred image (Fig. 6 a), and the results of its recovery by methods of inverse (Fig. 6 b) and Wiener
(Fig. 6 c) filtering, with the algorithm of Lucy-Richardson (Fig. 6 d) and the “blind” deconvolution
(Fig. 6 e).

Analysis of the restoring of the fragment of the blurred image by the known methods showed
that, in the absence of additional information (the energy spectrum of noise, the signal-to-noise, the
minimum threshold of a deviation obtained from the original image, etc.), which, as a rule, is not
available, the results have significant defects. In addition, the methods of inverse and Wiener filtering
requires knowledge of the distorting function that also in most cases is unknown (in the simulation of
distortion compensation by known methods as distorting function we have used a single function of
Heaviside with displacement). The comparison of results shown in Fig. 5 and 6 clearly demonstrates the
high efficiency of the proposed algorithm and a high quality of recovery through the use of information
about the process of formation of the blur.

Thus, the proposed algorithm takes into account the processes of formation of counts of a
linear blur distorted images, allows solving the problem of blurring compensation in the absence of
knowledge about the distorting function. The proposed approach is universal and can be used to obtain

the vibrational patterns, the nonlinear caused by camera shake and other types of blurring.
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e)

Fig. 6. Compensation of distortions of type “blur™: a) original blurred image; b) inverse filtering; c) Wiener filter-
ing; d) the algorithm of Lucy-Richardson; e) blind deconvolution.
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