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Annotation.


Design and technological maintenance of  “Angara-5” installation determine the structure and composition of its control and data acquisition system.  Each of control system is been governed by means of its own PC-type computer.  All systems are connected by means of Ethernet lines to supervisor computer.  This one performs experimental information storage, preliminary data treatment and presentation of the results.  Software complex allows to tune the composition and working parameters of each system according to experimental goals.  At “Angara-5” PC computers are widely used as control elements in several diagnostics devices, as example - automatic X-ray spectrograph.  Spectrograph is been used to register X-ray emission of high temperature plasma during thermonuclear investigations.  Detector of the device is CCD linear matrix.  CCD data after ADC are input into PC.  Software complex contains set of codes to determine plasma electron temperature and density immediately after experiment, that allows to estimate installation working cycle quality.


Introduction.


The main experiments at the high power “Angara-5” installation are fusion, high current Z-pinch, X-ray generation.  Control systems of installation were designed according to installation features.


It’s necessary to note next features of such installations that determine structure of control and measuring systems:


- small duration of processes in installation after start (~10-6 sec).  It excepts possibility of control at regime “on line” and requires application of fast analog-to-digital converters with buffer memory,


- seldom work starts of installation (few starts in day) make easier requires to systems of before-starting preparation and to data processing rate after shot.  It’s allows to design systems on base interfaces like CAMAC,


- high risetime of currents and voltages (~1014 V/sec, A/sec) provoke high level electromagnetic noise and requires the special design on electromagnetic compatibility of equipment.


Such installations are specific systems and requires design the special hard-software for effective working.


Initial control complex was grounded on computer like DEC - computer technique (E-60, SM-4) [1].  During 1988-89 years all control systems were equipped by personal computers [2].  Later on the main development of hardware was the following:


- increased the number of date acquisition channels;


- replaced by more modern the computers of supervision system;


- PC were included in plasma diagnostics devices that used at the installation.


Software was developed in direction of fast adaptation of control and measuring systems to experiment features.  This paper describes “Angara-5” control systems that are now.


Hardware structure.


Hardware consists of separate local systems and has multilevel structure.  Local system fragment is shown in fig. 1.  The CAMAC crate blocks or their VECTOR [5] analogs are placed at the low level and are controlled by means of CC.  The CAMAC crates are connected in systems by help UNIBUS and controlled by means of PC computer through adapter.  Local systems are united in complex and connected with host computer center by ETHERNET.  All system it is possible to see in fig. 2.


The technological parameters system ST (realizes control before-starting preparation) and the synchronization system SS (determines moments of switching on installation parts and measuring systems) are control systems in the usual sense.


Supervisor  system SD produces local systems control and provides date acquisition, archiving, processing and display imaging of information from all local systems.


Technological preparation system ST realizes all necessary operations before installation shot.  A main operations are measurement of slow changing parameters (distilled water resistance, gases pressure in switches, voltage on condensers etc.) and control of gases pressure and condenser charges processes.
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It’s possible to measure technological parameters on 256 channels and to regulate pressure in 128 volumes.  Technological parameters slow change allows to use CAMAC blocks commercial set.


Synchronization system SS organizes work of all measuring systems in the same time scales “attached” to installation work cycle.  The set of VECTOR blocks allows to generate starting signals at different moments of cycle.  Time scales is determined by 100 MHz frequency generator.  Timeseting blocks “attaches” synchronization pulses to cycle with accuracy  2,5 nsec.  With purpose of universality the system is equipped of blocks for multiplication and amplification of synchronization signals.
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Fast processes measuring are produced by systems SW1, SW2, SG.  These systems contains fast analog-to-digital converters different types and includes both commercial CAMAC or VECTOR blocks and special developed devices.  It’s necessary to have the information about parameters of 200 signals in each shot.  Main installation processes have the duration 10-6-10-8 sec and contain ~100 Kbytes (without video image information).  The systems architecture are designed according to types of devices.  Signals sorting according to users requires is provided on software level in the supervisor system.


System SW1 contains 32 scale-time digitizers UPN-92 producing signal waveform measuring with time step 1 nsec.


System SW2 includes 32 measuring channels with a different types of real-time waveform digitizers.  Measuring step on time is 10 nsec to 50 nsec.


Video image processing system SI is using for scanning film images (measurements of film density for radiation images and coordinates for diagram).  There are some devices for images measurements by means charge coupling devices (CCD), namely pinhole cameras, X-ray spectrograph.  Special CCD are used as to visible and X-ray radiation ranges.  On the fig. 3 it is shown X-ray spectrum of plasma radiation.  Spectrum was detected by means CCD.


Software structure.


The hardware specific and installation “Angara-5” peculiarities have required specific software design.  All software blocks are “canned” for users.  Special menus provide users interaction with hard-software.  Main blocks of software structure is shown in fig. 4.


Dispatcher program occupies the central place in the structure.  Program supports next tasks:


- data reading of experiment description program (DSR), preparation them for transmission to local systems,


- definition of equipment work regime (calibration, work shot),


- initialization of connection with local systems, preparation of local system to work,


- start of the synchronization system, data reading from local systems and transmission them to data base,


- graphic data presentation.
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Hardware adaptation to concrete experiments is executed by means of DSR program.  The program provides:


- holding and editing of installation sensors parameters,


- holding and editing of synchronization channels parameters,


- description of signals transmission lines including coefficient of signal fading in cable,


- schema of registrars switching.


The information is transmitted from DSR  to signals file of data base by means of D-program in each shot.


Object specificity have required development of the object-oriented data base DB with program interface and developing possibilities of graphic presentation.  Data base knows 3 type of objects: signals, amplitudes, times.  Every signal saved in DB consist of fixed and variable parts.  Fixed part contains ancillary information about sensor type, measuring schema etc.  Variable part contains signal itself.  Length of the part depends of digitizer type.  Manager of data base allows to look through data base on different indication, to exact and edit a data.


Local systems during exploitation are the most evolution part in respect of its composition, because necessity in substitution of coding device type arises constantly.  That’s why programs LS was built so, that they could be easy adapted to change of there compositional.  Local system is divided on subsystems for which was built files of scheme description.  External file describes connections between subsystems.  One can make out next elements in software structure of local systems:


- the set of system control functions,


- the set of subsystems control functions,


- the set of blocks control functions.


This elements are basis for local systems software.  Graphic package is used for subsystems description special program.  Changes of subsystems structures are made by means of screen picture editing.  Special program transmits these changes to local system description file.  Documentation about a system structure is printed at the same time [3].


There are special software for processing experimental dates, as example to determine plasma parameters (density, temperature) according to X-ray spectrum.


Development directions.


The development directions is determined necessary of steady subnanosecond processes into the installation.  Application load for registration of fast signals the traditionally oscilloscope is not allow to get experimental results just after installation shot.  The way of situation improvement is the application TEKTRONIX - technique with band width і 1GHz, as example TVS blocks.  It is connected with including in hardware VXI - interface.  We plan to increase the number of CCD devices for images registration.  For this the increase power of  PC is necessary. Software will be change in direction to use wide area commercial software (LabView, LabWindows).
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