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요   약

CCTV이미지에서 교통정보를 수집하려고 할 때 관측자가 카메라를 움직이면 설치된 검지영역이 손실되고 복원

하려고 해도 기계적 오차로인해 어려움을 겪게 된다. 그래서 어안이나 거울을 이용하면 카메라를 움직이지 않아도 

된다. 하지만 이러한 상황하에서 가장 큰 문제점은 영상의 왜곡이다. 본 논문에서는 이러한 왜곡을 극복하기 위해 

비선형 확산 방정식을 이용한 분할과 이 영역에디포메이션을 적용하여 디블러링 한 후 차량정보 수집을 시도한 

결과 이전 결과보다 5% 향상된 결과를 얻었다.
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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.
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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
[1]. 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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Fig.1. fisheye view or convex mirror view 
Fig.4. A transformed image from a fish-eye image applying 
equation 1,2

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

veillance with video image vehicle detection sys-

tem(VIVDS)[1]-[3] and detection weather or road 

surface condition using CCTV[4]. 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 

or convex-mirror 
[18] 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 
[17], 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) 

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.

 Eq1.

 Eq2.
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Fig.6. Force function for a stabilized inverse diffusion 
equation

In the paper [14], 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
[9]-[13] 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 III.

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)[15]. 

 ,  Eq3.

where  is a discretized signal and  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 

 for , 

 

 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. 

Eq5.

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

Fig.8. A result image applied by Eq6

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

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

 , 

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 

 Eq6. 

where

 , 

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

we obtain a result image as follows Fig.8. 

In this segmented area, the deformation method 

is used to get de-blurring image[16]. The deforma-

tion equation is defined by equation 7, let a sur-

face be Ω, 

  Eq7.

where Τ is a tangent and Ν is a normal vec-

tor, α and ß are arbitrary function. From this 

equation 7, we define a curvature deformation 

equation. Let a function of surface be , 

 

 Eq8.

where .

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. 
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(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

Fig.12. The circle line is PSNR with de-blurred 
image and rectangle line is without de-blurring

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

Fig.14. The detection zone for tracking vehicle 

Fig.15. The area rectangle of moving vehicle

)255(

10log20 σ=PSNR  Eq9.

Where, σ  is mean squared errors. The Fig.12 

shows the difference of PSNR about 20 decibels 

with or without de-blurring.

Ⅲ. 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-

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 ① or ②, a binary function 

 by 
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*th

km/h

Fig.16. The vehicle speed of blurring, de-blurring 
and fish-eye free camera image 20

th
 experiments from 

the same video file

Eq10.

Where  along ② and  

along ①  is 0 or 1 that is a value of binary 

pixel and  is a deciding factor. The factor  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
th 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-  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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