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Abstract





Based on my personal experience with the operation of the PC-control system of HERA, machine physicists and developers requirements for a control system are discussed. Many control surfaces and procedures are derived from their experience they made during machine studies and their participation in routine runs. From their point of view the design of a control system has to fulfill two general requirements: Firstly to enable the automation of delicate procedures in a way that they can be executed routinely by any operator. Secondly, physicists and developers must be able to create their own tools for diagnostics which later can be easily used by other operators.


How those requirements are fulfilled in the case of the HERA control system is demonstrated by two examples of Visual Basic applications involving a large number of active accelerator components.








Introduction





A developer’s or physicist’s requirements for an accelerator control system depend on his personal background in the field of accelerator physics and technology. He is supposed to know the components of the accelerator he is operating, their location and their purpose. In addition he has precise ideas about the procedures which are necessary to deliver a particle beam which fulfills the requirements of the experiments. The structure of those procedures is mostly determined by beam dynamics, which are a machine physicist’s theoretical background. On the other hand a developer of such procedures for instance may not know exactly how a power supply operates or how the frequency of the accelerator sections is controlled. Although he should not ignore those subjects completely, he is not supposed to be an expert in beam position- or particle loss monitors and the way they take data. Finally he may not be familiar with the architecture of the control systems computer or the way front end computers exchange data with servers etc.


Nevertheless a developer expects to create his own beam diagnostic tools as they are needed and wants to construct delicate operating procedures based on machine studies or on personal experience collected from participation in routine machine runs. Therefore an interface is needed which provides full access to every active accelerator component and which delivers any available data from the accelerator. From the developers point of view the whole control system is represented by the interface. In the ideal case such an interface enables a developer to create a console application with a minimum of information about the hardware involved but without involving those who are responsible for it.


In order to illustrate how this is managed in many domains of the HERA control system, two examples of Visual Basic (VB) applications are presented in the following sections, which serve as beam diagnostic tools as well as control interfaces of operating procedures of the HERA proton ring.








1. Compensation of linear coupling by a Visual Basic application





Linear coupling between horizontal and vertical betatron motion usually is undesirable in circular accelerators like HERA because it complicates the motion of the beam (1(. This again causes operational problems as it makes it more difficult to control of the betatron tunes. For this reason linear coupling must be carefully compensated which in the past required an intensive training of the operators at HERA.


Recently a VB application has been developed to relieve the operators of the task of compensating linear coupling in the HERA proton ring. The exact purpose of this application is firstly to measure the width k by which the coupling resonance between the horizontal and vertical betatron oscillation is excited and �
secondly to calculate and apply correction currents to a pair of skew quadrupoles which will compensate the linear coupling.


From the theory of linear coupling it is known how to determine k as well as the correction currents from a data set of three skew quadrupole settings and the according difference of the betatron tunes (2(. The VB application starts with reading the measured tunes and the predefined currents of the skew quadrupoles. First the setting of one skew quadrupole is changed and then the tunes are measured again. Finally the first skew quadrupole is set back to its original value and the current of the other is changed before the tunes are read for a third time. This data together with the values of the betatron and phase function at the position of the skew quadrupoles is then used to evaluate the field strength for compensating the linear coupling. Finally the field strengths are converted to the corresponding currents which then are applied to the power supplies of the skew quadrupoles.


The equations for calculating k and the correction currents build the central part of the Visual Basic code. The measured tunes of the HERA proton ring can be received via Remote Procedure Call (RPC) and the current of the skew quadrupoles are read or changed by calling a subroutine from a Dynamic Link Library (DLL) which is available on the net. The values of the betatron and phase function as well as the formula which converts the field strengths to the corresponding power supply currents and vice versa is available from the output of the numerical beam transport code PETROS.
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Figure 1: The central role of a control system serving as an interface between the hardware components 	  	 of the accelerator and the developer of a Visual Basic application which compensates the linear 	 	 coupling of the betatron oscillations. 























�
2. Data acquisition via Remote Procedure Call





A remote procedure call is implemented in the VB-code via a VBX-control element. In the property-list of this element the developer firstly has to enter the equipment name of the server from which he wants to get the data and the equipment property which says what kind of data should be transferred. Secondly he must enter the size and format of the data array he is asking for. This is all he has to know about the front end from which he is receiving his data. This information is provided by another application on the net, which also allows the selected parameters to be tested before they are entered as properties in the VBX-control element of the VB-code. In addition a subroutine ‘GETRPC’ which is available as a DLL-routine has to be called by the VB-code which hands the acquired data over to the VB-program. The parameters for this subroutine are the names of the VBX-control element and the data array.


Furthermore the developer has the choice between three different modes of a RPC namely a cold link for  single data transfer, a hot link for data transfer at a constant rate or a subscribe mode for receiving data when they have been updated by the server or Front End Computer (FEC). This choice is done by entering another parameter into the property-list of the VB-control element.


Thus a developer is able to write an application within a few minutes which enables him, for instance, to record the tunes of the HERA proton ring. For this he only has to apply a subroutine (one line of code) and a VBX-control element for which he has to know four parameters. A knowledge of how betatron oscillations are measured and how they are analyzed to extract the betatron tunes is not required for developing this type of application.








3. Power supply control via DLL-routines





The power supplies of the dipole and quadrupole magnets which provide the main guiding field in HERA and the power supplies of the correction magnets are also accessible via RPC. In contrast to the method described in the previous section the RPC is initiated by a subroutine from a DLL. A set of several DLL-subroutines is available which provide the setting or the read out of a power supply current. In order to change the currents of the skew quadrupoles of the HERA proton ring, for instance, the equipment number of the corresponding power supplies and the required currents are transferred as parameters to the DLL-subroutine. Optionally it is also possible to determine the rate by which the power supply currents have to be changed. In the case of a failure an error code is returned, telling the operator the type of error and the level at which the error has occurred.


Every magnet power supply of HERA is equipped with a power supply controller (PSC) which is responsible for ramping the power supply to the desired current at the desired ramp rate. The power supply controllers are linked by a serial data bus, designed at DESY, to a central cluster of workstations. In the current design of the control system an additional workstation serves as an interface between the personal computers at the console and the central cluster of magnet control workstations. The architecture of the magnet power supply controls is totally hidden from the developer. The only information necessary to create a console application which has access to a magnet power supply is its equipment number.








4. Data analysis from beam position monitors by a Visual Basic application





One of the most powerful tools for beam diagnostics at the HERA-proton ring is a console application from which the dipole correctors and beam position monitors are controlled and data analysis is provided. One major task of this application is the correction of the injection orbit in order to optimize the injection efficiency of the proton current from the pre-accelerator PETRA. The procedure starts by selecting a special trigger mode for the beam position monitors so that the beam positions of only the first turn are acquired. The received data is displayed graphically for the horizontal and vertical planes respectively and can be compared with data from an optimized reference orbit. Thus the operator gets an instant visual impression of the quality of the injection orbit. From this data the program is able to calculate correction currents for the last three elements of the transfer line from PETRA to HERA by applying equations derived from linear beam perturbation theory. Finally the expected effect of the proposed corrections is displayed and can be examined by the operator before he decides to have them executed by the same program.


�From the side of the control system the following components and procedures are provided: Data acquisition of the beam monitors 


is provided by a front end computer which can be controlled via RPC. The values of the betatron- and phase function at the position of the monitors as well as of the dipole 
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�
correctors are available from a data base. The correction currents are applied to the dipole correctors as it is described in the previous section. The developer’s contribution to the application is his experience and knowledge of linear beam perturbations and the methods for detecting and compensating them.








5. Final conclusion





At the HERA proton ring, time consuming data acquisition procedures are executed at the front end side by fast executing programs or by hardware components. One example is the FFT of the monitor signals which delivers the frequency spectrum of the betatron oscillations. This FFT is performed by a data acquisition board which is plugged into a PC serving as a FEC. Console applications such as control interfaces or graphical displays of machine data are on the other hand developed with Visual Basic.


From my personal experience with the part of the HERA control system which is accessible from a personal computer I can tell that the present solution is very comfortable and makes it possible to develop applications quickly and easily with a minimum of information about the hardware which is involved. Thus a developer is not bothered with details of hardware components or data transfer to his console application but can concentrate on the machinephysics which he has to make as clear as possible.
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Figure 2: Control interfaces for the beam position monitors. In the upper to windows the measured 	  beam  position in the horizontal and vertical plane is displayed. In the central section the 	  status of a selected monitor and information of the average orbit is given. The two dialog 	  boxex below show the status of the program as the selected data acqisition mode and error 	  messages. At the bottom of the interface control buttons are avaiable to select, for instance, 	  the trigger mode of the monitors or to display the data with respect to a stored reference orbit. 











