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A Method for Designing an Automatic Monitoring System
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A method for designing a monitoring system with multiple cameras 1s proposed in
order to supervise and recognize the progress of wide work area. First, a wide view
camera 1s developed by combining several usual cameras so that its visual angle could
cover more than 7 /2. Secondly, A method for determining the number and location
points of cameras is proposed by considering the shape of monitored area and the
instaliation cost of cameras. The monitored area is divided into three kinds of basic
shape (rectangular form, L. form and convex form). For every basic shape area, the
camera 1s located at the vertex position, so that the whole area can be monitored by the

camera.

1. INTRODUCTION

Recently, unmanned rooms are increasing to correspond to high accuracy, such as in FA factories, clean
rooms, nuclear power stations and so on. Once an accident occurs in an unmanned room, the state will become
seriously and dangerously. So the monitoring system is very important not only for worker but also to assure the
safety. Many studies on monitoring system have been reported [ 1]. But most of them can only monitor a
specific area. For a wide area, a monitoring method has been presented to recognize the moving object by many
cameras [2]. But it is supposed that there are no machines and materials which disturb the sight of the cameras
in the monitored areas. For a wide area with many obstacles like in a factory, it i1s necessary to divide the
monitored area into some small areas in which there are no obstacles. The number and the location of cameras
are also very important to monitor all area. For this problem, the shadow area of the obstacle is calculated by
using CAD layout figure [3].

In this paper, we propose a automatic monitoring system using many wide view cameras. Firstly, we develop
the camera whose visual angle is greater than 7 /2. Secondly, we propose a method to determine the number
and the location of the wide view cameras by dividing all area into rectangular, L-form and convex areas which

can be monitored by a wide view camera.

2. PROPOSED METHOD
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In this paper, first we develop the wide view camera whose visual angle is greater than m /2 by combining
some usual cameras. Secondly we propose the method to determine the watching area and position of cameras in

the monitored area.

2.1 Development of a Wide View Camera
As the visual angle () of a usual camera is less than 7 /2 | many cameras are required to monitor all area
and it is very difficult to design the monitored area. So we develop the camera whose visual angle (o) is
greater than 7 /2 by combining the usual cameras. The number of cameras is given as follows.
[ a/ B 1+1
Numbers ( [ «/B1+1) of cameras are set at the center of visual point in Fig.1. And the switching unit is
used to select and change the images from combined cameras. This camera is called as the wide view camera

whose visual angle (@) is put as 7/2 in the later.

2.2 Determination of Number and Location of Cameras
2.2.1 Assumption

(1) The wide view camera's visual angle is set as 7 /2.

(2) The wide view camera can monitor the object in a range of distance from 0.30m to LD m in front of the
camera. ,

(3) The monitored area is divided into small areas. The small area can be monitored by one wide view
camera. The dividing method is proposed in the later.

(4) The factory layout is shown by 2D CAD figure. In this figure, the areas of obstacles are shown by the
shadowed portion in Fig.2. The blank area should be monitored.

(5) The cameras are set at the surrounding wall or contour line of obstacles.
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Fig.1. A wide view camera by using Z Machine or material
two usual cameras Fig.2. 2D CAD figure of a factory

2.2.2 Basic shape of divided area

The divided area takes a rectangular form, L form or convex form to be monitored by one camera.
(1) In the rectangular form, the camera is set at one vertex as shown in Fig.3 (a). And the direction of the
camera 18 set as 7 /4 from the contour line. The rectangular area is contained in the circle whose radius is equal
to LD.
(2) In the L-form, the camera is set at the corner of L character in Fig.3 (b).

The vertex of L-form is put as P ( x, y: ), i=1, 2, - -.6.
(a) The condition that xs = x« and y« = ys

As this condition is satisfied, the monitored area can be monitored by the camera set at point Pi.
(b) The condition that xs = x« and ys = ys

As the point P. is located in the area between the line through Pi to Ps and that through P: to Ps, the

monitored area of L-form can be monitored from P:.



A Method for Designing an Automatic Monitoring System for Unmanned Rooms

(3) In the convex form, the vertex points are shown as Pi, i=1, 2, -+, n. And the other points except for one
point (Pw) can be seen from point Po (Fig.3(c)). As the visual angle at Pu is less than 7 /2, the camera is set

at point Puo.
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Fig.3. (a) Rectangular form Fig.3. (b) L-form
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Fig.3. (c) Convex form Fig.4. Dividing method ( rectangular obstacle )

2.2.3 Allocation method of camera in monitored area

(1) As the monitored area is so large, firstly, it is divided into same square areas in two dimension that the
length of the side is equal to LD/Y 2. Secondly the camera allocation is determined in each square area as
follows.

(2) Allocation method

(a) The case that the area of obstacles are all rectangular form

(i) Dividing monitored area into small rectangular area

The contour lines of the area of obstacle are extended to the nearest line of surrounding wall, the contour line
of other obstacle or the extended line of other obstacle as shown in Fig 4.

(i1) Combining method

We combine some divided areas into rectangular form, L-form or convex form. As two adjacent divided areas
are combined, a rectangular form or a L-form will be formed. Further as this combining procedure is continued,
the combined area will become a rectangular, a L. or a convex form.

As the area becomes a L-form or a convex form, we should examine whether the area can be momnitored or
not by one camera. If the area of L-form or convex one can be monitored by one camera, the combining
procedure can be continued. But if it can not be monitored, the combining procedure should be stopped.

(iii) The criteria for exclusive monitored area

The monitored area 1s divided into some exclusive areas by the combing method.

The number and the square measure of the exclusive areas are different for different combining order. So the
two criteria are determined as follows.

NE: : number of exclusive areas by /-th combining order ( /=1, 2,- -+ ND )

ADy, : Square measure of g-th exclusive area
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(g=1,2,-+-NE/)
@ Criterion of minimum number of camera.

NE;= min NE, (1)

1=; £ND

The number of cameras becomes minimum at A-th combining order.

@ Criterion of minimum difference among square measure.

AD, = min {max AD,-min AD,} (2)

Y1=ISND 1 s eNE, 154 SNE,

The number of camera and its position is determined by these criteria.
(b) The case that the area of obstacle is any form

The straight line 1s drawn from the vertex of the area of obstacle perpendicularly to the surrounding wall as
shown in Fig.5. The line can be drawn one side or two or three sides at the vertex of the obstacle. And the
monitored area is divided into the small areas of the rectangular form or convex form. For these small areas, the
combining procedure is applied to make the exclusive area. And the number and the location of camera is

determined by these exclusive areas.

Camera ; . Camera Q Camera &' Inclination of camera
X X 70 - P1: Vertex of area
| ' "
( 6 \\ S - N
NG H
Obstade / S °
Optical axis *,
Camera Camera P1 » d (P1,Pii) Pii
Fig.5. Any shape of obstacle Fig.6. Height of Camera

2.2.4 Determination of height of wide view camera
As the exclusive area is monitored in three dimension, the height and the angle of inclination of the camera
should be determined as follows.
(1) In one exclusive area, the vertex is shown as P: (x, yo) (=1, 2, == NV)
It is assumed that the camera is set at ( Z: ) height from P; as shown in Fig.6.
(2) The distance from P: to P is put as d( P, Pi)
As the distance d( Pi, Pi ) becomes maximum, the farthest point Ps from camera is determined.

d(Pl,Pii)Zmax d(Pl,Pi) (3)

TEIANY

And the height of camera ( Z: ) can be calculated by the following equation.

Z'+d (P, P; ) =LD’ , (4)

(3) It is assumed that the angle of inclination of the camera is 6 and the height of the monitored object is less



A Method for Designing an Automatic Mowitoring System for Unmanned Rooms

57

than Ho. For monitoring the object at P, the equation fan( 8+ 0 )=d( Pi, Pu )/(Z:-Hs) must be satisfied. So
the angle of inclination of the camera ( § ) can be derived from it.

3 d(P,p,)
| |- )

Where, 2 6 is the vertical visual angle of the camera.

2.3 Cost of Monitoring System

The determined exclusive area is shown as EA.. (m=1, 2, = NEA) . And the location point of wide view
camera is done as CPu (xm, ym, zu) . The construction cost (TC) of the monitoring system is estimated as follows.
(1) Cost factors

CC: cost of a wide view camera

CL: cost of setting wire from camera to control system

CFC: fixed cost of control system (includes the software cost)

CVC: variable cost of control system from number of camera
(2) Total construction cost (TC)

The distance from the position of control room to the position of camera (CP») is put as LCPn. Total cost is

calculated by equation (6) .

NEA
TC=CC -NEA+CL-) LCP,+CFC+CVC ‘NEA (6)

m=1

(3) The construction cost using other monitoring method is calculated and compared with TC.
If TC is less than that of other method, the proposed monitoring system is adopted.

3. CONCLUSIONS

A monitoring system has been proposed to monitor the three dimension area. For this purpose, the wide view
camera whose visual angle is greater than 7 /2 was developed by combining some usual cameras. The
monitored area was divided into some small areas by three kinds of basic shape (rectangular form, L-form and
convex form). Every small area was monitored by one camera. The number and the three dimensional position
of camera were determined by the divided areas based on the criteria. And the construction cost was also

estimated by the various cost factors.

REFERENCES

[1] R. Holben, "Multisensor Change Detection for Surveillance Applications", Proceedings of the NATO
Advanced Research Workshop on Multisensor for Computer Vision, J K. Aggarwal (Ed.), Springer-Verlag
Publishers, Berlin, (1993), 345, 365.

[2] S. Li, H. Osaki, Y. Kajihara and Y. Munesawa, "The Recognition Method of Moving Object by Many
Cameras", Proceedings of The Third China-Japan International Symposium on Industrial Management,
Y.C Feng and H. Osaki (Ed.), International Academic Publishers, Beijing, (1996), 86, 91.

[3] H. Freeman, Machine Vision for Three Dimensional Scenes, Academic Press Limited, London, (1990),
116, 119



