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De-blurring Algorithm for Performance Improvement of Searching
a Moving Vehicle on Fisheye CCTV Image
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ABSTRACT

When we are collecting traffic information on CCTV images, we have to install the detect zone in the image
area during pan-tilt system is on duty. An automation of detect zone with pan-tilt system is not easy because of
machine error. So the fisheye lens attached camera or convex mirror camera is needed for getting wide area
images. In this situation some troubles are happened, that is a decreased system speed or image distortion. This
distortion is caused by occlusion of angled ray as like trembled snapshot in digital camera. In this paper, we
propose two methods of de-blurring to overcome distortion, the one is image segmentation by nonlinear diffusion
equation and the other is deformation for some segmented area. As the results of doing de-blurring methods, the
de-blurring image has 15 decibel increased PSNR and the detection rate of collecting traffic information is more

than 5% increasing than in distorted images.

I. Introduction

Closed Circuit Television(CCTV) systems have
been extensively deployed to monitor freeways in
urban areas. While CCTVs have proven to be
very effective in monitoring traffic flows and sup-
porting incident management, they simply provide

images that must be interpreted by trained oper-

ators[ 4

. These large and expensive video systems
have, however, limited functionality. Recently, the
university or scientific transportation institution
have been researching to extend the CCTV func-
tionality for the most part of detection system via

CCTV images, for example integrating CCTV sur-
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veillance with video image vehicle detection sys-
tem(VIVDS)”HS] and detection weather or road
surface condition using CCTV™. Almost all of
CCTV surveillance system must have a pan, tile
and zoom(PTZ) drive by reason that CCTV sys-
tem cannot be displayed bidirectional or more
wide area of traffic flow simultaneously. If oper-
ators want to view the 360 degree all round area
extremely at the same time, four CCTV cameras

. 18
or convex-mirror 1]

or fisheye lens are needed.
And if an operator has a single camera when
PTZ is on, the detect zone has to install in the
CCTV images, this installing system is not easy
because of machine error. When we use an im-
proved CCTV added fisheye lens or convex mir-
ror which has a more widely view than ordinary
CCTV system, fisheye view is not a familiar im-
age in human eye, distortion across the hemi-
spherical field of view shown as Fig.1.

Then operators in Traffic Management Center
(TMC) cannot be monitoring the traffic situation
via naked CCTV image with fisheye. But, as in
71" traffic information can be collected within
convex image. So the tracking of moving object
can be detected, but the speed of vehicle is not
properly adaptive in this situation. Also we have
to need a transformation algorithm fisheye view
into de-warped image.

And when fisheye image spread out in trans-
formation of fisheye view into de-warped image,
the blurring occurred because small size image of
fisheye view is spread out to larger size of
de-warped image shown as Fig.2.

Let a point p(x,y,z) be in the fisheye image
and a corresponding point q(a,b) be in flat image
as Fig.3. Then we can transform p(x,y,z) to q(a,b)

e

=
s

Fig.1. fisheye view or convex mirror view

Fig.2. The blurring is occurred because small size image
of fisheye view is spread out to larger size of de-warped
image

Fig.3. A matching from one point (x,y,z) on a sphere to
the point (a,b) on disc

through the equation 1,2, where r is a radius of
fish-eye image. So the de-warped image is shown
by this transform in Fig.4.

2xr

a= 2r—z qu
2y
b= 2r—z Eq2

Fig.4. A transformed image from a fish-eye image applying
equation 1,2
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In the paper o4

, the de-blurring transformation
algorithm with nonlinear equation and shift ex-
pansion method such that the de-warped image
have to be restored according to expansion of
DOV and backward solution® ™ of wave equa-
tion by the reflection and interferenceof light. But,
this method has large number of calculation. In
this paper, we propose nonlinear diffusion equa-
tion and deformation methodin section II. Also
we shall show performance of moving vehicle de-
tection performed with de-blurring image in sec-
tion IIL

II. Nonlinear Diffusion Equation and
Deformation

In this section, we introduce a discontinuous
force function, resulting in a system as equation

3, that has discontinuous right-hand side(RHS)“S].

Buy _

i = o (Fugey —w) —Flu,—w,0)), n=123,..N Eg3.

where u, is a discretized signal and F is a
force function.

Such equations received much attention in con-
trol theory because of the wide usage of relay
switches in automatic control systems. More re-
cently, deliberate introduction of discontinuities
has been used in control applications to drive the
state vector onto lower-dimensional surfaces in the
state space. As we will see, this objective of
driving a trajectory onto a lower-dimensional sur-
face also has value in image analysis and in par-
ticular in image segmentation. Segmenting a sig-
nal or image, represented as a high-dimensional
vector, consists of evolving it sothat it is driven
onto a comparatively low-dimensional subspace
which corresponds to a segmentation of the signal
or image domain into a small number of regions.
The type of force function of interest to us here
is illustrated in Fig.6.

More precisely, we wish to consider force
functions which satisfy the following properties

equation 4 such as

410

F(u)

N\

T\

Fig.6. Force function for a stabilized inverse diffusion
equation

F'(V) 0 for v #0,
F(0*)=0
F(v,) = F(v,) if and onlyif v; = v, Eq4.

However, because of the discontinuity at the
origin of the force function in Fig.6, there is a
question of how one defines solutions of equation
4 for such a force function. Indeed, if equation 4
evolves toward a point of discontinuity of its
RHS, the value of the RHS of equation 4 appa-
rently depends on the direction from which this
point is approached, making further evolution
non-unique. We therefore need a special definition
of how the trajectory of our evolution proceeds at
these discontinuity points. For this definition to be
useful, the resulting evolution must satisfy
well-posed properties, that is the existence and
uniqueness of solutions, as well as stability of
solutions with respect to the initial data. Viewed
as a segmentation algorithm, our evolution can be

summarized as follows.

1) Start with the trivial initial segmentation:
each sample is a distinct region.
2) Evolve equation 5 until the values in two or

more neighboring regions become equal.

a
o= o (Flua —u) —Flu, —u, )

Ung = Unge1 = 777 T Unjemy 1 Eq5s.

where
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i=123.p, 1=n,<n, .. < N,y < 0y = N,

Mgy =0 +my,

3) Merge the neighboring regions whose values
are equal.
4) Go to step 2.

Applying this algorithm to a 256*256 gray im-
age, we obtain a result image as follows Fig.7.
Nevertheless, we can not find segmented face
area which is vary important region for de-blurring.
Under the same stability of Eq.5, we propose a
parameter @ such as
du

o

1
= o (o, )~ oo, 3,

Ung = Unjer =77 = Unjamy -1 Eq6.
where

i=123,.p 1=n,<n;. < Ny < Iy = N’

By =1 Hmy,

Applying this Eq6. to a 256*256 gray image,

we obtain a result image as follows Fig.8.

Fig.7. A result image is right image by applying segmentation
algorithm to left image

Fig.8. A result image applied by Eq6

In this segmented area, the deformation method

161 The deforma-

is used to get de-blurring image
tion equation is defined by equation 7, let a sur-

face be Q,

an

= als,£)T + B(s,t)N 2(s,0) = Qo(sj Eq7.

where T is a tangent and N is a normal vec-
tor, a and B are arbitrary function. From this
equation 7, we define a curvature deformation
equation. Let a function of surface be z=@(xy.1),

a2
== kN

R2(s,0) = 2,(s) EqgS.

(P Py Py P Py Pyy @)
z

where K= LI
(pxtoy)e

Applying equation 8 at a segmented area, we
obtain a de-blurring image as Fig.9.

So we apply the CCTV image, we have a
de-blurred image as in Fig.10. For evaluation of
de-blurring effectiveness, we can choose one line
of image in Fig.11, and compute the cross section
in Peek Signal To Noise Rate(PSNR), Equation 9,
of this data.

Fig.9. A de-blurring image is obtained at right
from blurring image at left

-

Fig.10. Blurred image and their de-blurring image

an

www.dbpia.co.kr



24153 =52 °10-04 Vol. 35 No. 4

(a) The cross section of blurring image of one line

(b) The cross section of de-blurring image with diffusion
equation and deformation

Fig.11. The cross section of blurring image of one line
(a) and the de-blurring image with diffusion equation and
deformation
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Fig.12. The circle line is PSNR with de-blurred
image and rectangle line is without de-blurring

255

PSNR=20log 7 Eq).

Where, O is mean squared errors. The Fig.12
shows the difference of PSNR about 20 decibels
with or without de-blurring.

. Performance of Moving Vehicle
Detection

We transform a fish-eye image to flat image in
order to collecting traffic information and then we
install the detection zone on the transformed flat
image as in Fig.13.

But, because of image distortion arising trans-

form process, some trouble has happened for find-

42

Fig.13. The detection zone of collecting traffic information
in a flat image

ing a vehicle speed or calculating vehicle numbers
amount per properly chosen times as about 3
seconds. So as section II, de-blurring is applied to
flat image in order to performance of recognition.
Actually, the tracking vehicle is doing as in
Fig.14 by using difference image and its binary
image. In order to get some information from the
binary difference image, we decide the area rec-
tangle of moving vehicle as the Fig.15. And we

use the equation 10 as for a set R of one

line-segment along (D or @, a binary function
OccFlaggs: R — {0,1} by

Fig.14. The detection zone for tracking vehicle

VAR Low

VAR Left VAR Right

Fig.15. The area rectangle of moving vehicle
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Fig.16. The vehicle speed of blurring, de-blurring
and fish-eye free camera image 20™ experiments from
the same video file

1 ifx=>A4

OccFlags(x) = {0 othewise

Eq10.

Where * = %Ei‘_ipu along @ and *~ %Eix_ipu
along @ Pij is 0 or 1 that is a value of binary
pixel and % is a deciding factor. The factor X is
obtained by experimental data which is about
20%. But, in this situation we miss the correct
line and misread for blurred image, hence get
more wide area than real area. Because of this
reason, the traffic information is not correct. In
Fig. 16, we show some experimental results of
vehicle speed compared blurring image arising flat
transformation and de-blurring image and fish-eye
free camera image. Those experimental processes
are played 20" from the same saved video file
images. We show that using de-blurring image
has 5% increasing performance in aspect to de-
tecting rate than using blurring image. In spite of
de-blurring, the performance of flat transformed
image is not better than fish-eye free camera
image. In this experimental process, almost every
speed data is in the interval 2-T distance from
the mean, it is evidence that this experimental

system is stable.
IV. Conclusions

An automation of detect zone with pan-tilt sys-
tem is not easy because of machine error. So the
fish-eye lens attached camera or convex mirror
camera is needed for getting wide area images. In
this situation some troubles are happened, that is

a decreased system speed or image distortion.

This distortion is caused by occlusion of angled
ray as like trembled snapshot in digital camera.
In this paper, we propose two methods of
de-blurring to overcome distortion, the one is im-
age segmentation by nonlinear diffusion equation
and the other is deformation for some segmented
area. As the results of doing de-blurring methods,
the de-blurring image has about 20 decibel in-
creased PSNR in Fig.12 and the detection rate of
collecting traffic information is more than 5% in-

creasing than in distorted images.
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