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I. INTRODUCTION
This report concerns on real distributed control system (MAN scale). The described system has to control a heat supply conditions in more then 100 buildings of Saint-Petersburg Telephone Company (PTC) spread around Saint-Petersburg area.  

Up to present moment the old version of the system is used. This system is a pure information system, developed during 1993-1995. It has to be pointed out, that old system is used at upper limit of its possibilities and it is not adequate for modern requirements.  

First version of a new generation system was implemented in practice in the end of 2004. At present moment just a first phase of project is finished.  The main goal of this phase was to create a system structure adopted to control functions.  But under the real situation pressure a lot of additional features were added at different levels of system too and at present time its ready to use product. 

In this report a brief description of the first phase of the project is presented. During this phase some innovative solutions were investigated with experimental fragments of system, tested in real environment. As example it can be pointed out the multi modem communication channel, the visual control subsystem, new type of dispatcher interface and so on.  Some experimental results, that will be useful for system integration engineers, are presented in the report.
II. SYSTEM CONCEPT  
Inside PTC there are special services that are responsible for heat supply control of company buildings.  The existing up to present moment technology supposes that computer of the dispatcher board communicates with every heat supply center with modem and get information from heat metering device with 1 h time period approximately. The dispatcher has to estimate situation on object and take all necessary measures to repair equipment, if some problems exist. So, system is a pure information system and man is responsible for all control functions. Collected information is used also to prepare payment bill, and it is one more important function of the existing system. System can get information about present heat supply parameters and collects archive information from heat metering devices. The collected information is saved in data base and is used for accounting purposes, too. 
Situation had start to change, when Telephone Company had equipped some objects with autonomous heat control systems, realized on base ECL-300 Comfort (Danfoss) controllers. The object controller can regulate temperature regimes autonomously in accordance with prescribed parameters and outside temperature.  It was necessary to provide possibility for operator to change regulation parameters of ECL-300 Comfort controller distantly. Also, one more requirement was to provide possibility to control bar in inlet-outlet tubes remotely. 

The one existing telephone line has to be used to collect information from heat metering device and to perform control function. To fulfill this requirement the upper level controller ASK LAB was used. This controller was developed in Student Design Center of State University of Aerospace Instrumentation. The controller has a lot of functions: communication, control, encryption and so on. Also controller has to be transparent for old version of system and for control software of heat supply company, that has to be able to check PTS accounts.

At present moment the system has a structure, presented on Fig. 1. The system includes two subsystems with different heat supply center (HSC) structures. The first one is a pure information system that collects information from heat metering devices. The second one has to service a object with metering device and local heat control system.

At upper level the system has some improvements in comparison with former version. The multi modem channel was implemented to increase reliability and number of objects that can be serviced by the system. Maximal number of modems that can be used with present version of software is 8. The Oracle database is used in the new system that in practice gives unlimited number of objects. 

In accordance with above said, whole system is a distributed multi level information-control system of MAN (Metropolitan Area Network) scale.     

The ASK Lab controller provide flexibility to lower level of system. This controller is an universal solution for wide application area, related with industrial automation systems. Architecture of ASK Lab controller is presented in Fig.2. The controller based on multiprocessor arhitecture.  Four PIC18f458 is connected with I2С that is used as system bus. One processor (P18MS) is a master of net. Controller has a four external opto decapled buses for industrial interfaces like RS232, RS422, RS485, CAN 2.0. This provides possibility to use this controller in industrial environment. This architecture provides possibility to use a different lines for actors and sensors. For code developing and servicing it is possible to connect external LCD and external keyboard also.

The original micro operational real time system (mOSRT) A3 is used to develop an application low level software. This mOSRT is used as base of software instrumentation “Constructor A3”. This instrumentation has demonstrated excellent features and saved a lot of time for low level coding in situation when nobody knows a correct project specifications. 

III. SOFTWARE DESCRIPTIONS
3.1 ASK Lab controller software descriptions

· ASK Lab controller software was developed with instrumental environment “Constructor A3”.;

· This instrumentation environment was developed by ASK Lab. This project was  the very first application of “Constructor A3” to multiprocessor embedded control system;

· The base of “Constructor A3” is mOSRT A3 specialized for embedded control solutions developed on PICXX microcontrollers (Microchip, USA) platform;

· In this project it was demonstrated, that mOSRT technology increased productivity of software developers seriously.
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3.2 Ask lab controller software structure

Applied software structure of controller is presented in Fig. 3.
IV. ENGINEERING EXPERIMENTS
To develop a specification for next phase a lot of experiments were made.  Here presented just two innovative solutions that were experimentally investigated during the first phase of project. 
4.1 Digital video control loop

As it was said above, an operator of the system can control bar position remotely from central dispatcher board. During first phase some experiments with digital video control were made. For this purposes video control subsystem was created in the building, where central dispatcher board is situated.  

The video control subsystem gives possibility for operator to control result of own action visually.  Four channels IP-video controller with wavelet compression was used. More details about this device are presented in [1].  

The video controller was net point of building LAN. In reality PTC objects connected with own net between objects and this solution can be used to increase a reliability of the system will increase. The structure of the experiment is presented on Fig.4. 

It is really no problem to get 25 frame/sec of color video when 100 Mbit LAN is used. So, operator can see a real video from one control point. Used video subsystem also gives possibility to control up to 4 points. For this situation number of frames for control point is decreased significantly, because it takes a 0.25-0.5 sec to switch cameras. Also a distant light on /off function was implemented to system. 

The virtual control panel is presented in Fig. 3.   This is an approved control panel.  At present moment it was used 6 control channels and 2 are in reserve for future needs. Operator can select video control regimes. At present moment two cameras are used to control input/output bars and one to control situation inside heat supply center. 

4.2 Abnormal situation control
Operator in previous generation system was responsible for control function. It is a very hard work to control one hundred channel system  24 h. Situation is more serious when one speaks about some hundred  channel system.

At present version of system the abnormal situations are controlled with upper level software. The situation in system are presented with Hunt diagram, described with AT-card formalism [2], see Fig.5. Address component corresponds to object number and time component is discrete time with ¼ h step. Any situation has own color and operator can control situation in system in parallel mode that decrease a possibility of mistake significantly. 
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In right window presented a fragment of AT-card. In terms of AT-formalism it is a result of cutting operation. Right side of the right window has a column, which indicates that abnormal situation had place. In terms of AT-formalism it is a result of projection operation AT-card on axe A.  

Operator has to register the abnormal situation to special file, so administrator can control time of operator reaction on abnormal situation.

V. CONCLUSIONS
The subsystem PTS-1 was tested during 01.01.2005-15.04.2005 as a reserve system. More then 50 object were controlled. The subsystem PTS-2 was used during the same time at one object.  During next phase 10 objects will be controlled with this system. 
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Fig.3.   ASK Lab controller applied software structure














Encryption data





Decryption data





Create key for Encryption/Decryption process





Enter Password





Writing configuration into EEPROM





Redirect data from ECL-300 Comfort





Displaying information on LCD








Input-output port control





Redirect data from Heat Meter





Initialization





Main 


Cycle





System timer





I2C interrupt





Receive data through RS





Send data through RS





Interrupt 


Level 





sensors





heat


metering


device


(hmd)





modem








SUBSYSTEM  ATS-1


HSC STRUCTURE








sensors





Regulator  bar





ECL-300 comfort





modem








CONTROLLER  


ASK LAB





oulet tube bar





inlet tube bar





SUBSYSTEM  ATS-2       HSC STRUCTURE








sensors





HMD





SUBSYSTEM PTS-2





modem





modem





modem





modem





modem





Accounter





ATS-1





ПТС-1





Admini-strator


ATS-1





Dispatcher





ATS-1





DATA


BASE


SERVER





LANNN





Engineer





ATS-2





town telephone


lines





multiplexed


modem channel








HSC





HSC





HSC





HSC





HSC








HSC








HSC








SUBSYSTEM PTS-1





Fig.1. System architecture








Fig.2. ASK Lab controller architecture
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Fig.5. Dynamic AT-card of system state
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Fig.4. Test facility structure
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