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An Algorithm of Storing and Restoration Images in Hemisphere
for Efficient Operation of CCTV Cameras on the Highway
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ABSTRACT

Generally using video detector, for obtaining traffic information, such as volume count, average speed and
occupancy rate automatically, detection zone have to be installed inter each lane correctly. But even though
coordinates transformation are calculated by mathematical approaches exactly in integration of CCTV camera and
video detector system, the calculated coordinate of detection zones are not placed inter each lane of the road
because of the mechanical error of CCTV camera system and external environment such as winds.

In this paper, we propose the revision algorithm in this case using for constructing image database in
hemisphere. This hemisphere image is constructed on the surface of a certain hemisphere corresponding to pan,
tilt, zoom factors of CCTV camera. For revising of coordinates of detection zone in captured image in case of
incorrecting detection area, we can compare the extracted image from hemisphere by panning, tilting factors with
captured image in real situation, and correct the difference errors of detection zones in two images.

Experiments have been conducted on image data captured at CCTV camera installed 15 meters high on
Kiheung Interchange(IC) upstream place on the highway and the images is used 640x480 resolution and 256

gray-levels.
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I. Introduction

In Korea, highway construction plan is that 19
new lines, total 1,848.3km 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), Video 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 only
traffic controllers eyes. Thus, to help view of
controllers, panning, tilting functions are provided
in CCTV camera, that is controllers can obtain an
information of traffic situation by rotating and
zooming CCTV cameras manually to considerable
direction of road, such as incident or congestion
area. But this method should not be exact and
rapid information because of non-automatic
operations.

Therefore, recently the researches are going on
to obtain traffic information automatically using
panning, tilting and zooming factors of CCTV
camera. For automatic operations, 3-dimensional
coordinate transformation is used with transmitted
factors of pan, tilt, zoom through the line of fiber
cables from local CCTV camera[4,5,6,7].

For obtaining traffic information, such as
volume count, average speed and occupancy rate
automatically, detection zone have to be installed
inter each lane correctly. But even though

coordinates  transformation are calculated by
mathematical approaches exactly, the calculated
coordinate of detection zones are not placed inter
each lane of the road because of the mechanical
error of CCTV camera system and external
environment such as winds. In this case, the
initial installed directions of CCTV camera are
changed and then coordinates value of detection
zone have an error, it cannot be installed inter
each lane exactly after panning, tilting and
zooming operation.

In this paper, we propose the revision
algorithm for constructing image database in
hemisphere, assuming that CCTV cameras have an
unavoidable errors with pan, tilt driver caused by
own mechanical error and external environments.
This hemisphere image is constructed on the
surface of a certain hemisphere corresponding to
pan, tilt factors. For the reason of storing on the
surface of a certain hemisphere, because it is
possible for the images to be extracted by
panning, tilting factors from this hemisphere
image.

For revising of coordinates of detection zone in
captured image, we can compare the extracted
image from hemisphere by panning, tilting factors
with captured image in real situation, and correct
the difference errors of detection zones in two
images

In this research, a new CCTV camera and pan,
tilt driver are installed about 15 meters high on
Kiheung IC upstream on the Kyongbu highway.
The image data are transmitted to the Highway
Traffic Information Center via optical fiber. Pan,
tilt and zoom factors are sent out via separate
line connected on RS232C port of control system
and pan, tilt driver of CCTV camera is operated
panning, tilting or zooming and return response
signal to the control 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
and the images is used 640x480 resolution and
256 gray-levels.
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. Automatic Installation of
Detection zone

We have denoted P(x,y) is project point of
CCTV camera and Z denotes depth which has
parallel XY plane. Let 6, ¢, ¢ denote x, y, z axis
angle of CCTV camera and displacements are Tx,
Ty, Tz 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[8].

x— @Xy+ oX f+ fx —%

Ti
1—= \7+7 7
pxxtyt ¢f~f+f"'—%
¥ =sx T 1)
1—-Byt-Ly >
f 7Tz

In Eq. (1), the Z value is larger than Tx, Ty,
Tz, and ¢ is smaller than x, and 4 is also
smaller than y, ¢ is almost constant. Thus Eq. (2)
is shown as simplified from expression of Eq.

(1).

¥ =sx(x+ex)h
¥y =sx(y—6x) (2)

In Eq. (2), ¢, are related panning and tilting
angles, f is related position of CCTV camera.

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
each lane as shown figure 1.

In this case, the image plane is a
2-dimensional projective space, we have to apply
it to projective geometry[9], the influence
occurred by moving angle § as shown in figure 2.

Because the CCTV camera is located at
roadside ordinarily, the difference between angle
of j" lane and (j+1)

h
" lane have a proper

0 1 2

Fig. 1 Connected line of each traffic lane

Horizontal line ~

Moved 1ar>: " \”a. \%

Fig. 2 Viewpoint of changed Image

deviation 7, a deviation ratio of each lane is

calculated as following Eq. 3.

Lo sy oo daw
84, = nx [ tan '((i+j+l)'T)—tan (it C’-)]

3)

where, j is lane number (0,1,2,3,.. from the

left side)

L, is lane width, C, denotes camera height

When ¢, denotes the panning angle, changed
angle of each lane can be represented as Eq. (4)
and Eq. (5) respectively.

- changed angle of 0" lane

O changed,0 = Ox 4)
- changed angle of i" lane

Oaiss

U i+ 1

e(hunm'r[_ i 0 changed, i—17 [ . (5)
diff,

If P(& ¢ denotes an intersection point which
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is made by extension of connected line in each
lane and P(x,,y,) is predetermined coordinate of
initial detection zone, a new transformation point
P(x’, y’) after panning is expressed as Eq. (6).

x=(x)—&cos(luy) + (31— Osin(uy) + &
v =(x,— 8sin(buy) + (y1— Ocos(Gup) + ¢ (6)

When a tilting is occurred, we have to
calculate the depth of image which depends on
camera height and distance from camera. Let 4, is
real distance from camera position to image
center, the vertical moving distance d after tilting
is expressed as Eq. (7).

d= c,,tan[ay+tan‘l(7"h)]—a ©)

In case of panning and tilting are occurred
concurrently, ie, panning is occurred as sin(6,),
the detection zone is moved with distance d.

In zooming, uniform scaling is wused 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 the XY
direction, while z is positive but is less than 1,
there is contraction in that direction.

P(x.v) is central point of image, and
arbitrary point of image before zooming is P
(x;,y;) after zooming, a transformed point P
(x4, v) is calculated as Eq. (8).[10,11,12]

xp=2xX(x —x)+x,

W=2x(y —y)+y. (8)

. Storing and Restoring Images in
Hemisphere

Without mechanical errors and external environ-
ments, the detection zone installed inter lane
exactly by mathematical methods as we discussed
in section 2. But, these errors always occur in
real world, so that it have to be applied revision

algorithm to higher accuracy of setting detection
zone.

We proposed an algorithm for storing and
restoring images on hemisphere in order to apply
revision to higher accuracy of installing detection

zone.

The conceptual diagram of hemisphere image is
illustrated in figure 3.

Fig. 3 Conceptual diagram of storing images in hemisphere

Since the hemisphere is most adaptive with
panning and tilting as shown in figure 3, suppose
that the CCTV camera can be rotated from O
degree to 90 degree vertically and from 0 degree
to 180 degree horizontally, the image data is
saved from 25 to 85 degree vertically every 10
degree and from O to 180 degree at horizontally
every 18 degree.

Then algorithm of storing and restoring images
in hemisphere is as followings.

Storing algorithm in hemisphere.

1. Let H and V is number of horizontal and
vertical pixels respectively,

2. Storing image buffer is

Py - : Pull
G= : P,‘,
PW N N PVII
3. When tilting is occurred,
1 pixel = 2—; radian

4. If ¢ denoted tilting angle from origin, the
pixels of horizontal circle is Hx sing¢
5. At this time, if panning is occurred ¢ from

origin,
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the number of moving pixel is calculated

by = Hx sing

6. Storing P in buffer

- H 10«
Jor ¢up = 010 50 X955

¢ =[5+ (- 1)x10) =51x —Z< +2E x §.,
0iw="L[((G—1) x18—9)/360]1x Hx sin ¢,

Onign=[((G—1) x18+9)/360]1 x HX sin ¢,

Jor Oup = Oy 10 Oy,
X= Oep
. _H 107 /.
= i & 180 '~(1 1)+¢\1./,

(0Lt Oriign)
average= Lou = High

Store to G buffer, ie,
Glx]lyl=

S — , o H o 10r
(x.— (average— Oy.), y .+ o 180 Dstep)

of (i,j)th image.

where, x.,y. is central point of image
Next g,

Next ¢,

Restoring algorithm from hemisphere.
1. Suppose that the CCTV camera angle is
(0,¢)

:[_jul_, 2()/7]_ H
180 180 2

2. Restoring images from buffer

for y=y,—120 to y+120

YVset

_ b H o H o 10K g 2
Xe="1g0 X or XSy X 1gp X2 <y

Jor x= x.—x, 10 x4tz
X=x—(%et— %)
Y=y—(x0—v,)+320
(X, Y)=Glxlly]
Next x
Next y
Actually, we capture the images which is
projected in the tangent plain on a hemisphere
from the real plain.

IV. Experimental Results

In this research, a new CCTV camera and pan,
tilt driver are installed about 15 meters high on
Kiheung IC upstream on the Kyongbu highway.
We give a value of panning angle ¢ from O to
36 degree and tilting angle ¢ from 65 to 85
degree, and the result of storing images in

hemisphere is shown as figure 4.

Fig. 4 Storing images in hemisphere( 4 is 65~85 and ¢
is 0~36)

For restoring images can be extracted from

hemisphere ¢ and ¢ correspondingly, as shown

in figure 5.

(@) =27 ¢=70

(b) =0 ¢=85
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(©) 6=9 $=75

(d) =18 ¢=70
Fig. 5 Restoring images from hemisphere @ and ¢
corresponding

As shown in figure 5, we are able to compare
the image with pan and tilt angle of CCTV
camera to restored image from hemisphere ¢ and
¢ correspondingly, and then calculate the
difference of two images with image matching,
present image can be revised if CCTV camera is
influenced by mechanical errors and external
environments. When panning angle is 18 degree
and tilting angle is 70 degree in this hemisphere
database system the restoring image is in figure 5
(d).

In figure 6, (a) is an image in which detection
zones are installed initially, and (b) is extract the
restored image from the hemisphere database and
the marked detection zones which are calculated
with changing pan, tilt angle and (c) is the image
marked with detection zones transferred by
panning, tilting factors from the original image (a).

For revising of coordinates of detection zone in
real captured image, suppose that pan, tilt angles

are changed, then the changed image and

detection zones are showed as in figure6 (c).

In this case, the changed detection zones are
transformed by mathematical formulation as with
pan, tilt angle and they should be corrected
practically, using figure 6 (b) we can calculate
some pixels which are corrected by compare the
location of detection zones in figure 6 (c) with

the location in (b).

(a) An image in which detection zone is installed

initially

(b) Extract the restored image from the hemisphere
database and marked detection zone which calculated
with changing pan, tilt angle.

(c) The image marked with detection zones
transferred by pan, tilt angle from the image (a).

Fig. 6 For revising the detection zone in real situation
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V. Conclusions

In this research, algorithms are suggested to
install the detection zones automatically with
panning, tilting, zooming of CCTV camera on the
highway, and an algorithm for storing and
restoring images in hemisphere in order to apply
revision to higher accuracy of installing detection
zone, because of mechanical and external
environment errors in real world. The hemisphere
images is a database of images in which a lot of
images are stored tangentially from real plane as
along with some steps of pan, tilt angle and are
restored at any angle as same as real plane. In
spite of some problem which is occurred at
boundary of each images, the restored images are
well formed along with pan, tilt angle and using
this images we can correct the detection zone
when an, tilt angle is moved in the system of
CCTV camera.

A characteristic of our algorithm is the
detection zones can be installed inter each lane
automatically according to the panning, tilting and
zooming factors of CCTV cameras and the
coordinates of detection zones of captured image
also can be revised automatically using pre-saved
hemisphere image, if CCTV cameras are
influenced by mechanical errors or external
environments

However, as this algorithm was experimented
with a limited the number of images, the
applicability in real traffic situation is not
guaranteed. 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 revision by comparing present
image of CCTV camera with restoring image
from hemisphere.
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