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Development of Algorithm for Automatic Installation of Detection
Area for Obtaining Traffic Information by Analyzing the Panning,
Tilting Factors of CCTV Cameras on the Highway
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ABSTRACT

In this paper, an algorithm for automatic installation of detection areas in each traffic lane are proposed using
CCTV camera systems which are installed on highway for obtaining traffic information. For automatic installing
detection area, suppose that panning, tilting and zooming factors of CCTV system is transmitted from controller
installed in Highway Traffic Information Center to CCTV camera systems, and CCTV cameras is rotated
according to pan, tilt factors, and then the changed images are transmitted to Highway Traffic Information Center.

In previous researches, there are two methods, difference image method and edge detection method, are used
in order to extract the road in images. However the difference image method is needed much more processing
time in order to extract the road and edge of road cannot be obtained exactly using edge detection method.

For solving these problems in this research, equation of lines of each traffic lane is calculated in basic image
firstly and find the central point of panning, tilting rotation, and coordinates transformation is conducted for each
lane according to rtatio of near and far in 3-D spatial domain using panning, tilting factors of CCTV system.

Experiments have been conducted on image data captured at CCTV camera installed 15 meters high on
Kiheung Interchange(IC) upstream place on the highway. The images are processed by 640480 resolution and 256
gray-levels with consideration of processing time for calculating traffic information such as volume count, speed,

and occupancy rate etc,
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I. Introduction

In Korea, highway construction plan is that 19
new lines, total 1,848.3 km will be constructed
and that 21 lines, total 2040.5 km will be
extended [1]. A new highway lines are
constructed, Inductive Loop Detectors (ILD),
Image Detectors and CCTV cameras are installed
to provide traffic information as part of FTMS
(Freeway Traffic Management System) project.
ILD are the most common traffic information
collectors in many countries, because of its
reliability and cheap installation cost. However, as
it should be installed on the road, installation and
repairing require road blocking that is causing
complaints and inconvenience. Image detectors can
be provided information on queue length, vehicle
type classification and spot speed, in addition to
the information such as traffic volume, speed, and
occupancy rate[2,3]. But it cannot collect the
traffic information in wide area because of limited
measured area and fixed direction of CCD
camera. Currently, the CCTV cameras are used to
monitor traffic situation on the roads with traffic
controller’s eyes. To help view of controllers,
panning/tilting and zooming function are provided
in CCTV cameras.

In this paper, to utilize existing facility and
enhance productivity of the CCTV cameras,
automatic installation method of detection area is
proposed using panning/tilting and zooming factors
of CCTV cameras. In this case, without spending
extra financial resources, the traffic controllers can
extend capability of traffic information collection
using the existing CCTV cameras,

In previous researches, difference image method
is needed much more processing time in order to
extract the road and edge of road cammot be
obtained exactly using edge detection method
[4,5].

For automatic installation of detection area in
this research, equation of lines of ecach traffic
lane is calculated in basic image firstly and
coordinates transformation is conducted for each

lane according to ratio of near and far in 3-D
spatial domain using panning, tilting and zooming
data of CCTV system.

For this research, a new CCTV camera and
panftilt driver are installed about 15 meters high
on Kiheung IC upstream on the highway. The
image data are transmitted to the Highway Traffic
Information Center via optical fibre. Pan, tilt and
zoom factors are sent out via separate line
connected on RS232C port of control system and
panftit driver of CCTV camera is operated
panning, tilting or zooming and return response
signal to the control system.

Experiments have been conducted on initial
detection area installed in two lanes manually and
after panning, tilting rotation of CCTV camera,
we verified that detection area is reinstalled inter
each lane automatically.

I. Previous Researches

Recently, installed image detectors which is
used to obtain the waffic information, for
example, volume, speed and occupancy rate
measurement, are fixed CCD camera’s focus
angle. For that reason, detection areas were
installed once its first stage and need not
changed. On the other hand, CCTV cameras
installed on the highway have a panning, tilting
and zooming function, therefore the coordinates of
detection areas were changed each time the
panning, tilting and zooming operation.

In case of CCTV camera, the road of each
lane is needed to extract in the captured image
exactly. In previous research, the methods of
extracting each lane are difference image method
and edge detection method.

In difference image method[4], to discriminate
traffic lane in the roads, road part in the image
should be extracted. A single frame of the image
was grabbed at every 0.2 second and 600 frames
(about 2 minutes) of difference images were
obtained. Figure 1 shows road extracted from the
difference image.
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Fig. 1 Difference Image in Cheongju IC
(600 frames grabbing per 0.2 second)

However, this algorithm had a problem to
spend a Jot of time on obtaining the difference
image. Also, the road was not extracted exactly
because of occlusion especially in case of passing
bigger vehicles such as buses or trucks.

In edge detection method[5], extracting the edge
of all objects using Sobel or Laplacian methods
and only road part of these objects can be
extracted to apply the equation of line or neural
network algorithm, But, because of variety of
edge description in the image, it is. very difficult
to extract the edge of road part exactly, and
especially in night time, is not able to extract the
edge of road part as shown in figure 2.

Fig. 2 Edge of Road Part in Night time (Cheongju IC )

. Automatic Installation of
Detection Area

3.1 Systern Configuration
The procedure of this system is shown in
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Automatic installation of Detaction Zone (4)

Fig. 3 System Configuration

figare 2. First, the CCTV camera is received
pan/tilt/zoom factors from controller, and second,
CCTV camera is rotated according to these 3
factors, and the rotated image is transmitted to
controller.

And then in controller, the detection areas have
to be reinstalled automatically according to rotated
new image.

And detection area is transformed with
3-dimeasional spatial transformation by these
pan/tilt/zoom factors.

3.2 Basic Idea

To solve these problems as we discussed in
Section 2, for automatic installation of detection
area exactly even though direction of CCTV
camera is changed in the cause of panning, tilting
and zooming, we propose a method of 3D coordi-
nates transformation according to the panning,
tilting and zooming factors of CCTV camera.

We have denoted P(x,y) is project point of
CCTV camera and Z denotes depth which has
parallel XY plane. Let 8 , ¢ , ¢ denote x, y, z axis
angle of CCTV camera and displacements are T,
Ty, T, respectively, and s is zooming factor, f is
focal length, When 6, @, ¢ are assumed small
values sufficiently, the transformation point P(x’,y")
is calculated as following equation[6].

x—¢xy+¢xf+fx%

xX'=§x

1__99.x+6_y+£

forz

TV

OXx+y+oxX f+ fX—

y'= 5X A

1—£x+2 +L
7 Eo. 1
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In Eq. 1, the Z value is larger than T, T,,.Tz,
¢ is smaller than x and @ is also smaller than y
relatively, ¢ is almost comstant. Thus Eq. 2 is
shown as simplified expression of Eq.l.

xX=sx(x+pxf)
y'=sx(y-0xf) Eq. 2

Where ¢, & are related panning and tilting
angles, f is related position of CCTV camera.

3.3 Automatic Installation of Detection
Area using Panning Factor

Due to near and far, the width of each traffic
lane is not displayed constantly if CCTV cameras
are installed on roadside. In this paper, in order
to obtain the exact coordinate value of each lane
after panning rotation, the equation of line of
each traffic lane can be derived from horizontal
and vertical angle of line which is connected with
cach lane as shown figure 3.

In this case, the equation of line is calculated

by Eg. 4.

Yo =M
e T
Ko~ Eq. 3

where, j : lane number

Yi=h; ™

0 1 2
Fig. 4 Connected line of each traffic lane

When CCTV camera is located i times of
width of traffic lane from left roadside and the
difference between angle of f" lane and (jM)Lh
lane has a proper deviation # , a deviation ratio
of each lane is calculated as following Eq. 4.

6 45 =n><[tan“((i+j+l)xﬂ)—tan“(i+jxﬂ)]
‘ C, C,
Eq. 4
where, j is number of lane(0,1,2, from left),
Lw is lane width and C, denotes camera
height.
i is constant, deciding heuristically because
the location of CCTV camera is different
each site

When &, denotes the panning rotation angle,
changed angle of each lane, @cpanges, can be
represented as Eq. 5 and Eq.6 respectively.

e changed angle of 0" lane

echanged,o =8, Eq. 5

e changed angle of i" lane

BL'Iwnged.i :echanged.i—l eedﬂ .
diff; (1'1,2,3) EC] 6
If P(6, {) denotes an intersecting point which

is made by extension of connected line in each

lane and P(x;, y;) is predetermined coordinate of
initial detection areca, a new transformation point

P(x’, y’) after panning operation is expressed as

Eq. 7.

x = (% —&)cos(8,, ) + (¥, — {)sin(@,, ) +&
Y = (% —&)sin(@5) + (¥, - §)cos(O 45 )+
Eq 7

3.4 Automatic Installation of Detec-
tion Area using Tilting Factor

When a tilting operation is happened, depth of
image has to be computed and this depth depends
on camera height and distance from camera. Let
8, denotes tlting angle of CCTV camera and &
is real distance from camera location to image
center, the vertical moving distance d after tilting
is expressed as Eq. 8.

4,8
d =C, tan[@, +tan l(C—h)]—a Bq. 8

Moreover, at the same time, the panning factor
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that must be considered to occur as sin, for this
factor we should apply the Eq. 7 with sin 6,

In case of zooming gencrally, uniform scaling
is used that maintains relative object proportions,
Let z is magnification after zooming operation, all
of image locations can be enlarged and contracted
on the basis of central point of image. If z is
greater than 1, the image is expended in XY
direction, while z is positive but is less than 1,
there is contraction along that direction.

In case of zooming operation, if central point
of image is P(x, y.) and arbitrary point of image
before zooming operation denotes P(x;, v), after
zooming transformation a transformed point P(x,
yx) is computed as Eq. 9 [7,8,11].

X, =EX(X —x)+x,
Ve =2X(Y '~y )+, Eq. 9

IV. Experimental Results

This research is experimented the algorithms to
verify installation of detection area in spaces of
each lane. The images are collected at Kiheung
IC upstream that is located near Seoul.

A maximum panning angle is 40° and factors
are divided into 256 values of this angle
equivalently. Also a maximum tilting angle is
60° and factors are divided into 256 values,
namely, the panning rotation of CCTV camera is
0.15625° (=40° /256) on each panning factor and
tilting rotation is (.23438° (=60°/256) on each
tilting factor.

Experiments have been conducted on daytime
and nighttime and initial detection area installed
in two lanes manually and after panning, tilting
rotation of CCTV camera, we verified that detec-
tion area is reinstalled inter each lane automatically.

Then images are 640480 pixels and 256 grey-
level were grabbed through IV4 grabber board.

In daytime, figure 5 shows the initial installa-
tion of detection area on Kiheung IC when
panning factor is 45, tilting and zooming factor is
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130 and 246 respectively, After panning rotation
is 65, reinstallation of detection area is shown as
figure 6 and figure 7 shows the reinstalled
detection area after tilting factor is changed to
120.

Figure 8 is illustrated after the zooming when
zooming factor is changed to 200,

Fig. 5 Initial installation of detection area
{panning=45, tilting=130, zooming=246)

Fig. 6 Reinstallation of detection area automatically after
the panning rotation
(panning=65, tilting=130, z0oming=246)

Fig. 7 Reinstallation of detection area automatically after
the tilting (panning=63, tilting=120,zooming=246)
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Fig. 8 Reinstallation of detection area automatically after
the zooming (panning=65, tilting=130,z00ming=200)

Experiments in night time were conducted in
daytime process identically only different changed
panning, tilting and zooming values as shown in
figure 9 to figure 12.

In this experiment, the detection area is almost
installed in spaces of each lane, thus traffic

Fig. 9 Initial installation of detection area in night time
(panning=33, tilting=150, zooming=246)

Fig. 10 Reinstallation of detection area antomatically
after the panning rotation
(panning=60, tilting=150,z00ming=246)

Fig. 11 Reinstallation of detection area automatically
after the tilting rotation
(panning=35, tilting=135,zooming=246)

Fig. 12 Reinstallation of detection area automatically
after the zooming
(panning=35, tilting=150,z00ming=220)

volume, speed, occupancy rate, and vehicle type
classification could be measured in this detection
area even though panning, tilting and zooming of
CCTV systems are transformed.

V. Conclusions

In this research, an algorithm is suggested for
automatic installation of detection areas in CCTV
cameras for utilizing the existing facilities without
installing image detectors at the highway or
vehicle-exclusive roads, by extending function of
the CCTV camera and providing function of
image detectors. In the image detectors the angle
is fixed, while the angle of CCTV camera is
flexibly rotating, horizontally and vertically
moving with pan/tilt and zooming.

The algorithm makes possible to collect the
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traffic information with panning, tilting and
zooming of CCTV camera. A characteristic of our
algorithm is coordinate transformation can be
applied in real time because equation of lines of
each traffic lane is calculated in basic image and
coordinates transformation is conducted for each
lane according to ratio of near and far in 3-D
spatial domain when a panning, tilting and
zooming operation of CCTV system is happened.

However, as the algorithm was experimented
with a limited the number of images, the applica-
bility in real traffic situation is not guaranteed.
Thus we have plan to install another CCTV
camera on Suwon IC upstream.

In the future research, this algorithm will be
applied to all cases of highway situations, Also,
we will have to develop an algorithm for higher
precisions of measuring traffic volume, speed,
occupancy rate, and vehicle type classification
under CCTV system environment,
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