The Adaptation of Control System Software According toExperimental Characteristic Features at the Pulsed ThermonuclearInstallation ANGARA-5.V.I. Zaitsev, A.V. Kartashov, Yu.N. Lusin, A.I. Nebogin,Yu.V. Papazyan, A.N. SavochkinTroitsk Institute for Innovation and Fusion Research, Russia.Abstract.High pulsed power installations such as Angara-5 are used for different kinds of experiments, e.g. nuclearfusion, high current Z-pinch and X-ray generation. These various experiments have differences including timing,measurement circuits, sensor types and other parameters of the measurement and control system (MCS). Software ofsuch a system must be flexible enough to be quickly tuned for all kinds of experiments, and special softwaresatisfying this requirement has been developed.All the MCS parameters are stored in appropriate database files (DBF). A special utility similar to usualdatabase management programs provides presentation and editing of these parameters. The interaction between DBFand local system software is performed by means of a special dispatcher program. Such a set of tools allows one toreconfigure the system immediately before the experiment. Both MCS parameters and data obtained are stored in themain DBF and can be used during data processing. The present paper describes the software structure andconfiguration tools.1. Introduction.The features of the Angara-5 measuring and control systems were discussed at ICALEPCS�91 [1]. Theprogram of the installation includes different types of experiments. Each type usually consists of a few tens of realcycles (shots), of which the installation construction allows several per day. In the course of each experiment, andespecially when a new experiment is being prepared there is a need to correct the measuring environment. Examplesare to change the set of detectors and MCS equipment modifications. In connection with any hardware change it isnecessary to correct MCS software as well, and it is desirable to produce this correction without a delay in theexperimental program. The Angara-5 MCS software structure and special tools that allow fast and easy modification of themeasurement environment according to the experimental requirements are presented in this paper.2. MCS information structure.Information streams in the MCS structure are shown in Fig. 1. Signals from sensors and detectors aretransmitted in analog form by coaxial cables to local systems where analog-to-digital conversion is performed. Thereare several local systems, each dealing with a certain set of signals. Data are sent by means of a computer network toa supervisor computer for later processing, presentation and storage in a database. The main database is accessible forseveral applications, chiefly ones doing mathematical and statistical analysis and process modeling. A computernetwork gives one the possibility of reading data on his personal workstation. There is also a reverse informationstream from the supervisor to control the local systems and the installation as a whole.

ConfigDataInstallation control

SupervisorsystemsLocalCablesSensors

Installation

Fig. 1. Information streams There are three general stages determining the information characteristics - detectors, cables and localsystems. There are a few hundred distinct detectors in the Angara-5 installation. Each is described by its ownpurpose, sensitivity and frequency band. Signals from detectors are transmitted by coaxial cables to data acquisitionsystems which are located in a special shielded enclosure. The cable length may be up to 80m, and because a generalprocess of the installation has typical time 10-8 seconds it is necessary to take account of time delay and high frequency signal damping during cable passage. For this purpose each cable line has two parameters - time/length andbandpass. These parameters are sufficient for reconstruction of signals [2]. MCS measurement equipment includes a digital waveform recorder, time and amplitude measurementdevices etc. Each type of device is described by means of a parameter set, i.e. sensitivity, time and amplitudecoefficients, digitizer least count etc. Angara-5 MCS uses about 200 gauges of different types, each one having aspecific parameter set.The full description of the measurement equipment used in a particular experiment, combined with datafrom the installation, is stored in the main database for use in data processing. However it is a difficult job to makeup such a description for each experiment type. Moreover there are often changes in experiments and no time tocarefully correct this description. For this purpose a special tool, the measuring environment description program(DSR) was designed. DSR combines all gauge characteristics in a special database and allows one to check andcorrect the parameters just before the shot.3. MCS description database management.Fig. 2 illustrates schematically the structure of the measurement environment database and its usage duringan experiment. All parameters of detectors, cables and gauges are contained in corresponding sections of the database.Also stored are typical signal parameters - amplitude, waveform, etc., for the information of the operators.The DSR program is a database manager which performs the following:- enter and to edit the MCS component parameters;- create the description file (experiment scheme) of a certain experiment’s measurement environment;- output the experiment scheme as a document.scheme fileExperimentMCS descript.DBF

DataConfigDBFMain

systemsLocal programDispatcher

Document programDSRSignalsDevicesCablesSensors

Fig. 2. MCS overviewThe component parameters are entered by means of the special tables and sorted in accordance with theirfunctions and locations inside the system. A program can indicate a signal name for reference if the component isused in the current configuration; thus it is possible to view signal parameters at once. Such tables were prepared foreach component type and are in spreadsheet form.The experiment scheme composition is a most interesting and critical part of DSR. Fig. 3 illustrates theprocess, where the main point is to bind the signal to measurements and MCS components in the chain. Theconcept is realized made by means of a four column table, as indicated in the figure, which contains names and codesof signals used in the current experimental session. The DSR automatically takes all component parameters from thedatabase and saves them in a special file, called the ’experiment scheme.’ This file contains a full description of themeasurement environment and is used in the main control program (dispatcher) at experiment time. There are severaladvantages to such a procedure:- all the MCS component parameters are located in the same record which one can easily edit if required;- an experiment scheme has no surplus information;- MCS preparation for a new experiment type does not require much time; moreover some changes can bemade just before a shot;- the main database record contains the minimum of information, including only experimental data and thedescription of gauges used.Channel numberLoc.system nameNumberNumberName

DeviceCableSensorSignal.Fig. 3 Experiment scheme composition

The DSR program creates the experiment scheme document which reflects the current MCS state. Theparameters of all detectors, cables and devices are contained in additional forms also provided by DSR. The main control program on the supervisor computer uses the computer network Ethernet (Decnet-2.01software) for distributed system control according to the appropriate experiment scheme. The user protocol isdesigned for interaction between the supervisor and local systems. Its main functions are:- to control the communication channel (open, close and obtain status);- to send the experiment scheme to the local systems;- to send the current shot number and prepare all systems;- to acquire data from local systems.The local system programs receive the experiment scheme and set devices to their required states. After ashot one performs data acquisition, storage and transfer to the supervisor, where the data are stored in the maindatabase with the measurement environment description (experiment scheme file).4. Conclusion. The experience gained from DSR usage has shown the following:- the time of MCS preparation for an experiment is reduced considerably;- there were no errors caused by operator mistakes in parameter entry;- the DSR software, together with utilizing adjustable configurations of local systems [3], providesflexibility and convenience during the control of an experimental session.The software structure presented here allows one to include additional local measurement systems intoAngara-5 MCS with minimum effort.Acknowledgments.The authors would like to thank Dr. G.M. Oleinik and Dr. V.O. Mishensky for fruitful discussion.References.[1]V.V.Bulan et al., Proc. Int. Conf. Accelerator and Large Experimental Physics Control Systems, KEK,Tsukuba, Japan, 1991, KEK Proc., p.p. 235-238.[2]V.I.Zaitsev, A.V.Kartashov, J.M. Oleinik., JET, v.36, No.3, 1993, p.p. 395-401.[3]V.I.Zaitsev, Yu.V. Papazyan, V.N. Savochkin., Nuclear Instrument and Methods in Physics Research, A352, 1994, North Holland, p.p. 418-420.