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Abstract

In this paper an algorithm of image recognition used in video control of remote systems with arrow metering devices is presented. The proposed algorithm provides possibility to tremendously decrease a required bandwidth to transfer metering device meaning.  Description of proposed algorithm and some results for real industrial application are presented in report. 

I. INTRODUCTION
Resent progress in video compressing algorithm has created a lot of new possibilities for industrial automation systems.

This report formulates and discusses some problems related to a digital video feed back control in distributed control system with a poor bandwidth.

The work roots from real industrial system that is developing in Saint-Petersburg at present moment. It is  a distributed control system that has to control a heat supply conditions in more then 100 buildings distributed at Saint-Petersburg area. Operator of this system can control bar positions remotely from central dispatcher board by command.  

To investigate possibility to control the results of own action the video control system was created in the same building, where central dispatcher board is situated. The digital video flow from control points transfers through building LAN to dispatcher computer. Experimental system with four cameras was investigated. The base of experimental fragment was four channels IP-video controller with wavelet compression [1].  The structure of the system is presented on Fig.1.1. 
It is really no problem to get 25 frame/sec of color video when 100 Mbit LAN is used. Experiment with real telephone lines has demonstrated that just 0.5 frame/sec of b/w video is available. For multichannel system this figure has to be divided to number of channels. The result is a time delay when operator can estimate a results of own action.   

For distributed control system of MAN class as a rule a telephone line is just one possible solution to get control information from object. To overcome a poor channel bandwidth the next idea can be proposed.

The main features of proposal look like this. Suppose that operator controls an object with usual (not digital) metering devices. The camera takes a view of metering device and processes image to take current value of control parameter. This value is a figure that can be sent to operator place with modem. At work place device image can be reconstructed with indicator arrow at right place. It means that operator uses virtual device, but it is not a problem for modern personal computer.   

To realized proposed approach some work to be done, but key problem is how to solve a recognition problem in real time with limited computational resources.  

In this work algorithm of recognition is proposed. Due to some internal features the algorithm will be called as 2-Arc. This algorithm was tested on some real images and demonstrated good properties.
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II. DESCRIPTION OF 2-ARC ALGORITHM
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As it can be seen from Fig.1.1 bar position can be controlled with a relatively simple images. Also some experiments were made with old fashion metering devices with ordinary scale. For the last one image recognition problem is more complex and it will be investigated in this section.
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Suppose, that image of device is presented as bitmap and is a 2-D array of the pixel meanings. As soon as arrow metering devices have arc scale, information from image can be taken if we know radius, centre and angle of arc. These parameters define 1-D array of pixels on the arc, it is illustrated by Fig. 2.1. Essentially, its length equals arc length. Usually arrow differs from background like black from white, so such an array consists of minimums (arrow) and maximums (background). Besides, due to the fact that regular arrow is thin, minimums are very few and placed in one not large area. In common situation is shown on Fig. 2.1

[image: image7.wmf]R

offset

R

N

N

-

×

=

max

max

'


Fig. 2.1. Model of device.
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Usually, scales of metering devices are linear, so current meaning can be found as 

where  Mc  – current meaning; Mmax – maxium meaning on the scale; M0 – minimum meaning on the scale, Nmax – length of array (arc length); Nx – number of minimum in array. 
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To calculate all parameters (radius, centre and angle) it’s necessary to have three control points, as soon as following system of equations needed to be solved:
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where x1, y1, x2, y2, x3, y3 – coordinates of control points, defined by user (see Fig. 2.2); x0,y0 – coordinates of the centre, needed to be calculated; R – radius of the arch, also needed to be calculated 

Coordinates of control points and centre are positive integers, R is positive, so solving of system (2.2) is trivial as it can be represented as linear system of equations.

.
After solving the system coordinates of the centre and radius are calculated, it’s easy to find angle. Angle α is sum of angles α1 and α2. α1 is arcsine of (x1 - x0) / R, α2 is arcsine of (x2 - x0) / R (see Fig. 2.3)
After calculating all the parameters 1-D array of pixels from image on Fig. 2.2. can be built (see Fig. 2.4).
Arrays can be of several types, their features are in Table 2.1:

Table 2.1 

Features of arrays
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	Arrow is right above point
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	Arrow is beetween two point



	[image: image3.jpg]@i




	Arrow is very close to point




In all cases arrow is not the only black object in the array, so it’s impossible to define where Nx is. To overcome this problem, 2-Arc algoritm can be proposed .

The idea is in using additional arc with only minimum, which is arrow. Additional arc is defined by offset: Roffset = R – offset.
Angle is not changed. The length of array decreases in Roffset / R times. Result is shown on 
Fig. 2.5.
N’x is found as minimum value in array. It can be used in different ways. For example, (2.1) can give required result, if Nmax is changed to N’max:
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III. DISCUSSIONS
2-Arc algorithm was tested in two situations: with devices, shown on Fig. 2.2 and on Fig. 4.1.

In first case quality of image is good; scale of device is simple – only one set of points. Arc built on control points is used only for setup – user can change positions of control points until he gets sufficient result, and after that he can choose appropriate offset. Offset in this case is little, so result, calculated with formula (2.1), will be precious enough.

In other case quality of image is low, scale is distorted and consists of two wide sets of points, so offset is too great to give true to life result. For such situations algorithm can be modified – after finding N’x, Nx is calculated with formula (2.3). Next step is counting number of local minimums in base arc array from beginning to Nx. And at the end result is calculated as number of minimums multiplied on value of one point.

IV. SOFTWARE DESCRIPTION
The 2-Arc algorithm was realized as program, designed in Builder C++ 5. Algorithm was modified in order to be sufficient for solving real tasks like shown on Fig. 4.1, but main idea is the same. Image received with TV camera, resolution is 720x486 pixels.

V. CONCLUSIONS
The presented results describe simple algorithm of solving specialized task of image recognition. It gives possibility to transfer control video information from objects by usual telephone lines. 

Results of recognition can be represented in two ways:

1. [image: image14.jpg]s



drawing arrow on image of real device scale; 

2. completely virtual device. 

These questions and some other, that are close to this theme, are subjects of further research. 
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(2.1)
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(2.2)
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Fig. 2.3. Angle calculation.
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Fig. 2.2. Image of real device.
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Fig. 2.4. 1-D array of pixel on base arc.
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N’x is minimum
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Fig. 2.5. 1-D array of pixels on offset arc.
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(1.3)





Second (offset) arc 1-D array of pixels








Fig. 4.1. Program window.
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Fig. 1.1.   Test facility structure.
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